Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



HO,. db, Google 



HO,. db, Google 



RECOMMENDATIONS 



The Publishers leg have ia call Q\j6 oMffr^im. o/thepvilic A> 

theJbUowing unsolicited notices ofihs JElementary 

Geohgy, from gentlemen eminently 

qualified to judge of its merits. 

From Gidioii A. Mantell, LL.D. F.K.S. F.6.S., .to., in>., London, Auihob 



FttOK Pbof. B. Sihiman, LL.D, of Tslb Colleoe. 
" I ftm greatly io bult in not hnving answered jour kind lettef of Aoff. 
SBth, with a, copy of your valuable work on Gaolt^. I took the work irim 
me to the West, in the ezpectatioQ of looking it ovet; and althoogh I failed 
io read it eatisfeotocay, I glanced at it enough to convinoe ma of its h^h 
value, Ad shall reoommend it in my Leotures* 

Rev. Profeeeor Buckknd, D.D., F.R,3, in his Address Wore the Iiuudoii 
Geological Society in 1S41, uses the following kngmtge in alluding to thii 
work : — " We learn from I^ofesaor Hitchcock's excdlent work on Elementary 
Geology," Ac 

FBOa Paor. C. Dkwkt, op Roohkstkb, N. T. 
" I introduced your Qeolo^ into our Academy. Part of it is hard reason- 

' minds not pretty well matured. S'-" '' ' --*'- <--"■— '>■ 

a the EugUsh language with whic 
It is admirable for tiie College c< 

Fbom Peof. Henbt D. Booaas, ob teik Unitbesitt of Pennsviv4nu. 
" I thank you sincerely for a copy of jour work, and yet more for preaeut- 
ing us with an Elementary Treatise on Geology in a farm so well adapted (o 
tbeifants of instruoioFs. Hariog for several years past felt the want of just 
snch a book for my Chtse in the UoiverElty, 1 hailed its appearauoa with real 
■•tiBEwtion," 

Ebmc Pww. W. W. Mathib, Gkolookt -m one of the Distbioib of N. Yobk, 

*ND TO the StiTB OF OHIO. 

" I haTe esamined your little work on Geology with much interest and sat- 
isfactioq, It presents a large mass of matter m a small eompasa ; is lucid, 
concise, and its materials are arranged in the most oonTsnteat fbrm (or the 
Btodeut, It seems to form B happy medium between the mors elementarj 
hooks for sehools, and thofe for the more advanced students of geology. It4 
oopious references to various works on geology, will be a great advantnge to 
thoee who choose to go to the original sources and diva deeper into the va- 
rious subjtcti discuss^,' 
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FbOM FBOF. J. W. B&ILBV, OF THE MlUTAKY AoADEUT, WeST PoiNT. 

"I liave reoeotly perused with muoli pleaflure, your Elemeatajy Geology, 
utd consider it a most valuable cootributioD to scieDce, and highly creditable 
to yourself and our country. I am glad we have such a work to wbich to 
refer students. If I bad known of your publication sooner. I should have 
adapted it aa our text book ; but the clHea had already provided themselves 
with Lyell's work. I shall recommend its adoption oent year, if, as is almost 
certuD, I meet with no work in the meantime better sui ted to our peculiar 
wanta at this Institution. 

Fkou Paor. 0. E Aoius, of Middlebubt Oollese. 
" Your elementary book on geology has afforded me great pleasure ; and 
I have, since our catalogue Waa printed, adopted it aa a text book." 

37ie folltneing notice) of the work, from among the many that have appeared, 
have been selected from itrttie of the leading psriodicala of the country. 

Faou THE Ahebican Journal of Soienoe and Aetb, Foa Ootobeb, 1840. 

" The reader of tbia Journal and those who know the progress of Ameri- 
«an Qeobgy, fu's well aware of (he important services Prof. Hitchcock has 
rendered to this branch of science, through a period of many years, both by 
his laborious explorations and bis written works. In the present instance, 
he baa attempted to prepare a work which shall fill a vacancy long felt by 
the iostrnotorg of geology in this country, a work which, wliile it gives a 
good view of the progress of the science m other countries, draws its illus- 
trati<»iB mainly from American facts. From the rapid glance which we have 
been aUe to btstow upon this performance, we should t^ink that Prof. 
Eitchoock had succeeded in imparting this feature to his book." 

fV)II THE AUEBICAH BlBLlOAI, BsFOSITOBT, FOB OlTrOBBB, 1840. 

"The appearance of this volume from the pen of Prof. Eitchcocir, will be 
peouliarly gratifying to many in the community. It is deBigDed to be used 
as a Text Book for classes in geology, in colleges and other seminaries of 
learning, and also to supply the wants of the general reader, who bas not 
the leisure to study the numerous and extended treatises that have been 
written on different heads of this subject. The plan of it, we think, is admi- 
rably adapted to the first of these uses, and nearly or quite as well suited to 
the secona." 

Faou THE NOBTS Akeuoan Review, loa Jahdaxi, lit4I. 

" Professor Hitchcock has been too long and favorably known to Bcientifio 
moD, both of the new world and of the old, to make it necessary for us to say, 
with what ample qualifications he undertakes the task before bim. His work 
is no 'secondary formation,' baaed on the publiabed worka of European writ- 
ers, but In every part bears the impress of acute and original observation, 
and happy tact in presenting the immense variety of subjects treated in the 
fallowing sections into which the bookie divided. 

" The fifth section is devoted tu Or^nic Kemains. It occupies one fourth 
of Uie whole work, and is illustrated with the best cuts in the book. We ven- 
ture to say that there is not in our language so neat and compreased, yet so 
dear and correct an aicouut of the ' Wonders of Geology.' " 
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PREFACE. 

In preparing this work, tliree objects have been kept 
principally in view. The first was to prepare a Text Book 
for my Classes in Geology ; the second, to bring together 
the materials for a Synopsis of Geology, to be appended to 
my Final Eeport on the GJeology of Massachusetts, now in 
the press : And the third was, to present to the public a 
condensed view of the present state of geological fecta, 
theories, and hypotheses ; especially to those who have not 
the leisure to study very extended works on thip subject- 
In its execution, the work differs from any with which I 
am acquainted, in the following particulars : 1. It is ar- 
ranged in the form of distinct Propositions or Principles, 
with Definitions and Proofe; and the Inferences follow 
those principles on which they are mainly dependent. 
This method was adopted, as it long has been in most other 
sciences, for the convenience of teaching ; but it also en- 
ables one to condense the matter very much. 2. An attempt 
has been made to present the whole subject in its proper 
proportioLS ; viz. its fects, theories, and hypotheses, with 
their historic^ and religious relations, and a sketch of the 
geology of Edl the countries of the globe that have been ex- 
plored. All geological works with which I am acquainted, 
either omit some of these subjects, or dwell very dlspropoi^ 
tionably upon some of them. 8. It is made more Ameri- 
can than republications from European writers, by intro- 
ducing a greater amount of our geology. 4. It contains 
oopious references to writers, where the different points 
here briefly discussed, may be found amply treated. 5. It 
contains a PdUeontological Chart, whose object is to bring 
under a glance of the eye, the leading facts respecting or- 
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ganic remains. Whether these peculiarities of the present 
work will be regarded by the public as improvements, im- 
portant enough to deserve their patronage, time only can 
show. 

Type of two sizes is employed in this work. The moat 
important principles, facts, and proofe, are in larger type, 
to call the special attention of the student or reader ; while 
many of the details and remarks are in emaller type. The 
Bubjeet is subdivided into the following heads, whose ab- 
breviationB will not need explanation : viz. Definition ; 
Principle ; Description ; Inference ; Semark ; Proof; Details ; 
Illustration. Where an inference depends upon several 
principles, I have added a synopsis of all the proofe on 
which it rests. 

In European countries especially, and to a good d^ree 
in our own country, geology has become a popular and 
even fiishionable study. In most of our higher Seminaries 
of learning, it is explained by at least a course of lectures. 
put in Institutions of a lower grade, it receives iar less at- 
tention than its merits deserve. Why should not a science, 
^hose iaeta possess a thrilling interest ; whose reasonings 
are admirably adapted for mental discipline, and often 
severely task the strongest powers ; and whose results are 
many of thwn as gruid and ennobling 9» those of As- 
teonomy itself ; (such ^troneaners as Hersehel and Whe- 
well being judges,*} why should not such a science be 
thought as essential in education as the kindred branches 
of Chemistry and Afitronoiny ? That all the parts of this 
Science sie not yet as well settled as those of Astronomy 
and Chemistry, is no objection to making it a branch of 
education, so long as every intelligent man must admit 
that its fundamental fiicts and principles are well established. 

Ambeesi CoLLBas, Aug. 1, 1840. 



* "Geology, in the magaitude and eublimity of tba objecta of wMchit 
beats, ondoabtedly ranks, ia Uke scale of Bdeoces, next to lutroiiom;." — Bit 
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PBEFAOB TO THE THIED EDITION. 

Ik preBsnting thus early a third edition of thia work to 
the public, I will only say, that I have done all ia my 
power to introduce into it all the important discoveries and 
improvements which have been recently made in the science. 

To enforce still more atrongly the remarks of Dr. Smith, 
in the unsolicited Introductory Notice of tins work which 
follows, respecting the importance of an acquaintance with 
Geology to the minister and the missionary, I will quote a 
few sentences from the letters of two esteemed misaonary 
friends, now in active service in distant lands. Eev. Jus- 
tin Perkins, D. D. American Missionary in Ooroomiah in 
Persia, under date of Oct. 1, 1839, thus writes : 

"Did not my missionary work press upon me bo con- 
stantly, and with such mountain weight, I should feel 
strongly tempted to study geology, (of which I know very 
little,) so wonderfiilly interesting, in a geological point (rf 
view, does the face of Persia appear to me. Indeed, I often 
feel that this interesting and important science has peculiar 
claims on American Missionaries, Visiting, as they do, all 
portions of the world, they enjoy opportunities of con- 
tributing to it, with almost no sacrifice of time or effort, 
which are possessed by no other class of American citizens. 
I know not that I can better atone for my own deficiency 
in this, respect, than by requesting you, in my behalf, to 
urge upon the missionary students in College, the higKim- 
portance of their obtaining a good practical knowledge of 
geology and mineralogy, while attending your lectures, as 
they would enhance their usefalneas, in fiiture life. It is 
the combined hght of all truth, scienUfic, as well as re- 
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ligioua, which is » render so perfect and glorious the Hplen- 

dor of nuUeaial day t" 

Kev. Bbenezer Burgess, Missionary at Ahmednuggur in 
India, writes under date of Nov. 1, 1841, aa follows : 

"Did I possess an intimate acquaintance with mineral- 
ogy, it would be of great nse to me in going over the coon- 
try. Wh.en we go out fo evangelize, it is very pleasant to 
be able to geologize and botanize ; and such abilities render 
our trips fee more subservient to the preservation of health. 
I th'T>Tr students err very much in not devoting to your de- 
partment (in College) the full amount of time which is 
allotted to it in the coiirse of studies. Perhaps they do 
differently in these days of reform. Every individual, who 
has a moderate ability for such studies, could with a little 
system and resolution, and without detriment to hia other 
studies, acquire that knowledge of these branches which 
would be of great value to him in after Hfe, especially if he 
intends to be a misaionaiy. There are times when an ad- 
ditional source of relaxation or amusement is worth just 
about a man's life. There is now an individual connected 
with this mission, who has been raised from a state of great 
debility and weakness, by turning his attention to botany 
and mineralogy ; at least, such appear to be the means 
which G-od has used. Of all situations, the missionary in 
beathen lands most needs pleasant sources of relaxation. 
When his mind sinks to a certain point imder discourage- 
ment, or the weight of responsibility, if he has nothing 
with which to divert it, it begins to prey upon itself; and 
then there is no remedy but tp leave the field." 

AimasT CoiutQi, April, 1812. 
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PREFACE TO THE TWENTY-FIFTH EDITION. 

So rapid ia the progress of geology, especially in its facta, 
that a treatise on the subject must be recast every few years. 
This has been done several times with the present work^ 
but never so thoroughly aa in this edition. Great additions 
have, also, been made of new facts and reasonings. Sec- 
tion YI has been entirely remodeled, and mostly re-written ; 
presenting those conclusions on the subject of Surfaos 
Geohgy, which have been the result of many years study 
both in this country and in Europe. I have also made 
large additions to the Section on Paleontology, having re- 
constracted most of the Tables ; which I have been able to 
do by the aid of the Index Paleontohgicus of Professor 
Bronn. More than 80 new wood cuts have been added, 
and many new subjects introduced. 

In the eighth edition of this work it was announced, that 
I was about publishing a little work, entitled, An Outline 
of the Geohgy of ihe Globe, and of die United States in par' 
Gaidar ; with a Geological Map of the whole Earth, and 
another of the United States, and Six Plates of character- 
istic American Foasila. A variety of causes has kept back 
this work, which is intended as a companion of the Ele- 
mentary Geology, — until now. But it is juat brought out 
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by PMUips, Sampson, & Co., in Boston, in a 12mo, of 129 
pages. To those who may wish to go more into detail 
respecting the religious bearings of geology, I would say, 
that the same publishers have issued a work by myself, en- 
titled, the Religion of Geology and its connected /Sciences. They 
have, also, republished a little work, entitled Genesis and 
Geology, hy Denis Orojhn ; ■which, to those somewhat versed 
in Hebrew and Greek, will be found very satisfiictoiy. 
Akhemt Oollesi, Janwiry, 6, 1854. 
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INTRODUCTORY NOTICE 



DR. J. PYE SMITH, OF LONDON. 

Tn a manner nnezpeoted and remarkable, the apportimity has 
been presentetl to me of bearing a public teatimony to tba value 
of Dr. Hitchcodi'a volume, Eleiibntart Geology. This is 
gratifying, not only because I feel it an honor to myself, but 
much more as il excites the hope that, by this recommendation, 
theological students, many of my younger brethren in the eran- 
gelioal ministry, and serious christianB in general, vho feel the 
duty of seeking the cultivation of their own minds, may be in- 
duced to study this book. For them it is peculiarly adapted, as 
it presents a comprehenBive digest of geological facts and the the- 
oretical truths deduced from them, disposed in a melbod admira- 
bly perspienons, so that inquiring persona may, vithout any dis- 
couraging labor, and by employing the diligence vhioh will bring 
its own reward, acquire such a knowledge of this science as oanuot 
fail of being eminently beneficial. It is no exaggeration to afiirm 
that Geology has close relations to every branch of Natural His- 
tory and to all the physical soienoes, so that no district of tbat 
vast domain can be onltivated without awakening trains of thonght 
leading to geological queations ; and, conversely, the prosecution 
of knowledge in this department, cannot fail to excite the desire 
and to disclose the methods of making valuable aoquisitions to the 
benefit of human life. In our day, through every degree of ex- 
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Xn INTOODUCTORV NOTICE. 

tensivenesa, from the perambulation of a parist to the esploring 
of an empire, travellino has become a " universal passion," aad 
action too. Within a very few years, the interior of every conti' 
nent of the eajth has been Burvejed with an intelhgeEoe and ao- 
ouraoy beyond all example. Who can reflect, for instance, upon 
the activity now so vigorously put forth, for introducing European 
civilization, the arts of peace, the enjoyment of security, and the 
inflaenee of the most benign religion, into the long sealed territo- 
ries of Central Asia, and not be filled with astonishment and de- 
lightfol antioipatioa ? Similar labors are in progress upon points 
and in directions innumerable, reaching to the heart of all the 
otter vast regions of the globe ; and the men to whom we owe so 
much, and from whom so much more is justly espooted, are geol- 
ogists, as well as transcendent naturalists in the other depart- 
ments. Whoever would run the same career must possess the 
same qualifications. Even upon the smallest scale of provincial 
travelling for health, business, or benefioence, acquaintance with 
natural objects opens a thousand means of enjoyment and useM- 
ness, 

The spirit of those refleetione bears a peculiar application to 
the ministers of the gospel. To the pastors of raral congrega- 
tions, no means of recreating and preserving health are compara- 
ble to these and their allied pursuits ; and thus, also, in many 
temporal respects, they may become benefactors to their neigh- 
bora. In large towns the establishment of libraries, lyeeums, bo- 
tanic gardens, and scientific associations, is r f 'dly Vffusing a taste 
for these kinds of knowledge. It would heap d us tat f th 
interests of religion, that " precious jewel " wh t 1 1 a 

acters are "wisdom, knowledge, and joy," if ts p f nal t a h 
ers should be, in this respect, inferior to th y g d n;i ng 
members of tieir congregations. For thos s 11 nt n n wh 
^ve their lives to the noblest of labors, a work which would honor 
angela, " preaching among the heathen the unsearchable riches of 
Christ;" a competent acquaintance with natural objects, is of aig- 
Dal importance, for both safety and usefulness. They should be 
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INTEODTICTORT NOTICE. XVll 

able to cHstinguiBh mineral and vegetable products, so as to guard 
against tho pernioiowa and determine the salubrious ; and very 
often geological linowledge will be found of tlie firat utility in fis 
ing upon the best localities for missionary stations; nor can ttey 
be insensible to the benefits of which they may be the agents, by 
communioating discoveries to Europe or the United States of 
America, 

To answer these purposes, and especially in the hands of tlie 
intelligent and studious ministers of Christ, this worlt of Pro- 
fessor Hitchcock appears to me especially suited. Though I flat- 
ter myself that I have studied with advantage the best English 
treatises on G-eology, and find ever new improvement and pleasure 
from them; and have also paid some attention to French and 
German books of this class ; I thinlr it no disparagement to them 
to profess my conviction that, with the views just mentioned, thia 
is the book which I long to see brought into estansive use. The 
plan on which it is composed, is different from that of any other, 
so far as I know, in such a manner and to such a degree, that it is 
not an opponent or rival to any of them. ¥et, in this arrange- 
ment of the matter, thore is no affectation : all is plain, consecu- 
tive, and luminous. It is more comprehensive with regard to the 
various relations and aspects of the science, than any one book 
with which I am acquainted; and yet, though within so moderate 
limits, it does not disappoint by unsatisfactory brevity or evasive 
generalities. Such is the impression made upon me by the first 
edition of the " Elementary Geology," and I cannot entertain a 
doubt but that the ample knowledge and untiring industry of the 
author will confer every practicable improvement upon his pro- 
posed new edition. 

I received a deep conviction of the Professor's extraordinary 
merits, from his "Report" upon the Geology, Hotany, and Natu- 
ral History generally, of the Province of Massachusetts, made by 
the command of the State government; a large volume, published 
in 1833, and tho second edition in 1835; and from his papers in 
the "Ameriwin Biblical Repository," which were of great service 
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Xnu INTROIIVOTOIir HOTIOE. 

to me in oomposmg a book on ■' The Relation between the H0I7 
Boriptures and some parts of Cbological Science." But I did not 
till recently know that be was a "fiuthfol brother and Mlow- 
laborer in the gospel of Ohiiat." An edifying manifestation of 
this, it has been my privilege to receive in Pr. Hitohoock's " Es- 
say and Sermon on the Lessons taught by Sickness," prefixed to 
"A Wreath for the Tomb, or Extracts from Eminent Writers on 
Death and Eternity." It is my earnest prayer that great bless- 
ings from the God of all grace may attend the labors of my hon- 
ored friend. 

3. PYE SMITH. 
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ELEMENTARY GEOLOOY. 



A OENEEAl. ACCOTJNT OP THE CONSTTrUTION AND STKUOTURB Of 
THE EAKTH, AND OF THE PRINCIPLES ON WHICH SOCSS ARE 

CI.ASSIFIED. 

Definitum. G-eolooy is tiie history of the mineral masses that 
compose the earth, and of the organic remains which they contain. 

RemarkX. Soma writers divltle Gkology into two broaebes' I. Otogntty, 
or Positive Oeolugj, wliich embraeea oaly tbe knowa bets oi tbe sdeoce. 
S. Otogony, or Speculative Geology, wbiah attempts to point out tbe caiUses 
of those farts, and the inferences that resnlt from tnem. See Traiti Eltmtn- 
taire Jt Qtologie par M. Roiet : Diicmiri PreliminaiT), p. V. Also, IHel. 
(Hattiqvt i HUt. JfalurelU: Art. Oeotogie. Others make three divisiona. 
1. Physical Geography. 2. Geognosy. 8. Geogony, See Elementt de Oeo- 
legU, par J. 0. Chnalvat d" SaUoy, p. 1. Others embrace all Intimate 
theory under Geogony. and confine the bypothetieal part of the subject to 
GeoloKj'. See Tableau det Terrain!, par Alexandre Brongniart, p. 2. But 
these distboljons are of little importanoe, and not much used by I^glish kA 
American vriters. 

Ban. 2. A very philoBophJcal and excellent division of Geolt^ is priv 
posod by Prafessor Whewell. I. Deaeriptive, or Phenomenal Oeology, em- 
braces the ftete. S. Oeolooieal Dyixamic* gives an ezpo«tion of the general 
principles by which such pheDomeoa oan be produced. S. Fhytieol Gtology 
■tates the doctrioes as to what have been toe causes of the exisdug state of 
things. Mitory of_ tlit Indaative Sdeneet, voL iil, p. 48S. London, 1837. 

^inn. S. A division of geology of some practical value is the following : 

1. Ecoaomical Oeology, or an account of rooks with reference to their pe- 
coniary value, or immediflte application to the wants of society. 

2, Scenographical Oeology, or an account of rocks as they exhibit them- 
selves to Uie eye in their general outlines : in other words, an acoount of 
natural scenery. 

Obaemalion. With the exception of vegetation, natural scenery is all pro- 
iluced by the rooka that constitute the surface : and the geologist oan oflea 
determine the nature of irocks by the peeuUarities of their great outlines. 

S. Scientifie Oeology, ot the history of rooks in their relation to science or 
pbilosopby. 

Dtf. Every part of the globe, which is not animal or vegetable, 
inoluding water and air, is regarded as mineral. 
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20 STEUCTlOtE or THE E4KTH. 

Def. The term rock, in its popular acceptation, embraces only 
the solid parts of tte globe ; but in geological language, it iuoludes 
also the loose materiala, the soils, clays, and gravels,— that covep 
the solid parte. 

Priiidph. The form of the earth is that of a sphere, flattened 
at the poles : technically, an ohlate spieroid. The polar diameter 
is ahout 26 miles shorter tlian the ec[uatorial. 

Proof 1. Measurement of a decree of the meridian in difEarent liititudeH, 
2, AstronoQiieal pbeaomena; pai tiaulsj'lj the preaeasion of the equinosea. 

Infi^-ence. Hence it is inferred that the earth mast have been 
once in a flnid state ; since it has precisely the form which a fluid 
globe, revolving on its axis with the same yolocity as the earth, 
would assume. 

Prin. Taken as a whole, the earth is about five times heavier 
than water; or 2.5 times heavier than common rooks. 

Proof 1. Careful observations upon tbe relative attracting power of par- 
ticular mountaina and the whole globe, with a aenith sector. 2, The disturb- 
ing effeet of the earth upon the heavealy bodies 

Inf. We hence learn that the density of the earth increases 
from the surface to the centre ; but it does not follow that the na- 
ture of the internal parts is different from its crust. For in con- 
sequence of condensation by pressure, water at the depth of 362 
miles, would be as heavy as quicksilver ; and air as heavy as water 
at 34 miles in depth : while at the centre, steel would be com- 
pressed into one fourth, and stone into one eighth of its bulk at 
thesuriaoe. Mrs. Somervil^s Connexionof the. Physical Sciences, 
p. 91. Fifth London Edition. 

Description. The swrJao'e of the earth, as well beneath the 
ocean as on the dry land, is elevated into ridges and insulated 
peaks, with intervening vallies and plains. Rozet, p. 86. 

Descr. The highest mountains are about 28,000 feet above the 

ocean level, and the mean height of the dry Wd does not exceed 

two miles. De la Becke's Manual of Geology,^. 2. Third Edition. 

Details. The haght of a few of the most elevated mountiunB on the globe 

is as followa : 8ee Encyclopesdia of Geography, vol iiu, p. 60S, 

Hinimala;7ah MountainB, E. Indies, S7,677 feet. 

Eooky Monntaina, 12,000 " 

Monna Kea, 18,000 " 

Chiniboraao, Andes, 21,000 " 

Ararat, 17,700 " 

Meant Blanc, Europe, 16,683 " 

Descr, The mean depth of the ocean is probably between two 
and three miles. De la Bechs's Man. Geo, p. 2. It has been 
calculated from the phenomena of tides that the Atlantic in its 
middle part is above nine miles deep. Phillips's 
Edinl>urgh,lBZB. 
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Inf. Hence it appears that the present dry land might ba 
spread over tlio bottom of the ocean, so that the globe should be 
entirely covered with water. For nearly three-fourths of the sur- 
face is at present submerged. 

Obs. WMla the great lakes of North America are elevated some of them 
CTen 600 feet above the ocean, some of the inland seas of Asia are Buok below 
its level. It Eeems to be at laat settled that the Caspian Sea ie 84 feet below 
the Blaet aea. JfureAisoti's Oedogy af Riaiia, vol, l, p. 833, London, 1846. 
JjyelVa Principles of Geology, vol i,, p. 267, Second Ameriean, froat the 
Sixth London Mdition. Boston, 1842. The Dead Sea in Palestine is sunk 
1337 feet below the Mediterranean. Bibliital Researches in Palestine, its., 
by Messrs. Bobitison and Bmtih, voi ii., p, 222, Boston, 1841 : also, American, 
Joar, Science, voL xlii, Jan. 1842, p, 316. 



Stratijication. 

Def. The rooks that compose the globe are divided into two 
great classes, the Stratified and Unstratifibd. 

Def. Stratification consists of the division of a rock into regu- 
lar masses, by nearly parallel planes, occasioned by a^°peou!iar mode 
of deposition. Strata vary in thtoknesa from that of paper to 
many yards. 

Obs. Strata are often very tortuous and sometimes quite wedge Bhaped. 
Hevei'thelesa, the fundameatal idea of stradficatiou is that of parallelism in 
the layers. Maccalloch's Glas^ficalion of Rocks, p. 100 : also, bia System of 
Geology, vol. i., p. 67 ; also, ffreenough's Qetdogy, chap i, 

Def. The term straCwm is sometimes employed to designate 
the whole mass of a rock, while ita parallel subdivisions are called 
bais or layers. The term bed is also employed to designate a 
layer, whose shape may be more or less lenticular, or wedge shaped, 
included between the layers of a more extended rock ; as a bed of 
gypsum, a bed of ooal, a bed of iron, &o. In this case the bed is 
sometimes said to be subordinate, 

Def. When beds of different rooks alternate, they are said to 
be interatratified. 

Def. A seam is a thin layer of rook that separates the beds or 
strata of another rock : ex. gr. a seam of coal, of limestone, &c, 

Descr. A bed or stratum is often divided into thin laminje, 
which bear the same relation to a single beo, as that does to the 
whole series of beds. This division is called the lamination of the 
bed ; and always results from a mechanical mode of deposition. 
The appearance of fissility which it gives to a rook, is often decep- 
tive ; since the layers separate with great difficulty. This is es- 
pecially true in gneiss. 

Descr. The lamination is sometimes parallel to the planes of 
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BtratifioatioD ; sometimes they are much inolined to eaoh other ; 
and often they are uodulating and tortuoua. 

Fig. I, ibowa the different kinds of lamination- 
Fig. 1. 



Coarielj Idtmuated 
Obliquely Lamiaated. 
Porsllel Laminie. 





Oonloritd Lamina of ffnfUt : Calebroolc, Ct. 



Kg. 8, represents a bowlder of raioa slttte, B feet high and 6 feet broail, 
lyir^ on the east gida of the river stage road in Ljme, TSew Hampshire, nortli 
of the centre of the town. It will be aeen, that in the upper pltt^ where the 
lamirue have been bent moit, there ia a oraA. In the low»r part are two 
large tultemnlous masee* of quartl. 
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I,AMINAT10N. 




The laminee of beds could not have been deposited origin- 
allj m the curved poaitiou shown in the preoeding figures : henee 
the flesure must have heen the result of some subsequeut operation. 
Inf. Hence the layers at some period after Uieir deposition, 
must have been in a state so plastic that they could be bent with- 
out breaking. 



Origin of the varieties of Lamination. 

Causes. All the lamination of stratified rooks was undoubtedly 
produced ori^ally by deposition in water, and the varieties have 
resulted from modifying circumstances. 1. The parallel laminEe 
are the result of q^aiet deposition upon a level surface. 2. The 
waved lamination, ui many instances, is nothing but riffle marks ; 
such as are seen constantly upon the sand and mud at the bottom 
of rivers, I^es, and the ocean. In the secondary rocks this is too 
manifest to be mistaken. 3. The oblique lamination has generally 
been the result of deposition upon a steep shore, where the mate- 
rials are driven over the edge of an inclined plane. 4. Highly 
contorted lamination has o&en resulted from lateral and vertical 
preBsure, as illustrated by Fig. 4. 
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r CONTOETED LAMINATION. 




Itluiiration, If pieces of dotli of 
different colors be placed upon a ta- 
ble c. and covered by a weight, a, 
sad theo lateral forces, 6. b, be ap- 
plied; while the weight will be some- 
wha.t raised, the cloth vlth be folded 
and Bontorted pteciael^ like the lami- 
na of many roeke ; as is shown in the 
figure. 

e Frin. The agency of water 

and beat is sufficient to bring 

rocks, in nearly every known case, into that plastic state which is 

neoesBary to make them bend without breaking. 

Proof, 1. Water alone renders clay eminently plaetio ; and it imparts a 
degree of plasticity to nearly every variety of uncoosulidaled strata ; so that 
this, without heat, may hare prepared all such strata G>f the flexures which 
they eshibit. Water aJso renders eome solid rocks quite flexible ; w lime- 
Btooes and sandstones ; and it penetrates very deep into the solid crust of the 
globe; BO that some of the flexures, even io the solid roeks, may bave beeo 
produced by forces outing upon Ibem when saturated with water. 

2. Flexures are the most abundant and extensive In the vicinity of roeks 
that have been metCed. And it is admitted that all the older stratified rocks 
hare been exposed more or less to the influence of heat from the unstratified ; 



Prin. Yoloatiio forces have operated from beneath npou most 
of the older rocks, whereby they have been bent upward. The 
weight of the ocean, of drift, &e., has bent them downward; gravity 
and other agencies more local, have prodaced a lateral pressure ; 
especially when the strata were highly inclined; and these various 
agencies will account for nearly every case of flesure, not only of 
the laminee, but of the beds also. Bat more on tjiis point fnrtlier 

Deter. In clay beds containing disseminated carbonate of Hmej 
we frequently find nodules of argillo -calcareous matter, sometimes 
spherical, but more usually flattened. These are generally called 
c/aystones, and the common impression is, that they were rounded 
by water. But they are unquestionably the result of molecular 
attraction. The slaty divisions of (he clay extend lirough the 
concretions ; and on splitting them open, a leaf, or a fish, or some 
other organic relio, is frequently found. In New England, how- 
ever, both the slaty cleavage and the organic nucleus are usually 
wantiug. 
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Ran. In England these olayHtoaes are sometiraee supposed (o have ba«n 
turned io a Iftthe, and to have been used for money. In thia country they 
are nsnally tlionght to be the work of watar, or of the aborigines. I find that 
those of New England have nt least six predominant forms. Mnal Jieport 
on the Geoloff!/ of Massaehuselta, vol a, -p- 410- 



Fig- I 



Fig. fi, will convey an idea of the m 
in which tbese concretions are situated 
the clay. 



amusing. Fig, 8 shows ne f m Walpol New Hampahire, which nuniio* 
a huraaa head in relief ve y lis ly w tt th head dress and cue behind. It 
was found by Mr. Sanborn T na y f h senior class of 1893 in Amherst 
College. Figs. ^ and 8 represent other familiar objeeis, one a cat and the 
other H hat, and were found io Hndley, Mass., on Connecticut riTer. 





Descr. Simihr eoncrctiona abound ia argillaceous iron i 
which is often dj=semmated in clay beds or shale. These nodi 
are usually made up of concentric coats of the ore; 
the slaty structure of the rock containing them, extanda through 
them, and orgdnic relioa are found to form their nucleus. 

Ilg. 9. represents a concretion ot hydrate of iron from, the clay eliHa of Gay 
Head in Massachusetts. The axis consists of a piece of lignite, an d its resem- 
blance to a pear is very striking ; or rather to a large garden squaah ; for it« 
diameter is tnoce than seven inches. 
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OOKORETIONS. 




Descr. T 
and hydrate 
times dWide i 
into irregulai 



shapes. When these oracis are filled with caleare- 



is spar, as is often the case in caloareous 
concretions, they take the name of Indus 
kehnantii, tnrtk stones, or more frequently 
of septaria. From these is prepared in Eng- 
\ landtte famous Roman cement. Fig. 10 is 
i a section of one of these. 

DescT. Certain limestones called oolites, 
are often almost entirely composed of con- 
cretions made up of concentric layers ; hut 
the spheres are rarely so large as a pea. 

Descr. The concretionary structure, however often esista in 
limestone on a very large scale, forming spheroidal masses not 
only many feet, but many yards in diameter. The same is the 
oase in other rocks, as trap and granite. 




n his Report of 1853, p. 100. 
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STRUCTURES. 




Divisional Structures. 

Def. Both the stratified and unstratifled rocks are traversed 
bj divisional planes, oaUedjOTnto ,• whioli divide the mass into de 
terminate shapes, which are different from beds and their laminse. 
Those only which occur in the stratified rocks will he here noticed. 

Ve^cr. The most important of these joints, called master-joints, 
are more or leas parallel, and so extended as to imply some general 
cause of produotion. 

Descr. When these joints cross the beds obliquely, as they 
usually do, and there are two sets of them, they aiviae the rock 
into rhomboidal masses of considerable regularity ; though wantiug 
iu that perfect equality in the corresponding angles of the prisms 
which is found in crystals of a simple mineral. 

Figs. 12 and 13, ai-e ssamples : tha first fVom the utioonsolidated olays bsda 
of West Spriagfield in HasaiicljMsetts, and the latter from llie gueias of Moa- 
soaiii the same Stale. 

Fig, 13. Fig. 13. 




Descr. Other divisional planes separate the rook into irregular 
fragments ; and sometimes the flasm'ea are filled with calcareous 
spar, or other minersil substance. 



Ckavage. 
Descr. Some roeka are divided by a set of 
parallel planes, coinctclent neither with the 
stratification, the laniinatioo, nor the joints. 
Theae are called cleavage planes, hecause they 
are supposed always to result from a oryatalliiie 
arrangement of the particles of the rock super- 
induced after ita original deposition. 

Descr. This cleavage is moat oommon ia 
argillaceous slate, and in many casea constitutes 
3 its slaty atructure. But in many instances this 
2 structui-o is the result of ori^nal deposition, 
'^ and corresponds to, or rather constitutes, the 
^ lamination. This is particulwly true of the 
I finer elates, both argillaceous, micaceous, talcose 
t, and chloritio, in this country. DyelPs Bh- 
I ments of Geology, vol. ii. p. 390. Second 
I Amer. Edition, Boston, 1842. 
I Descr. Tlie cleavage planes are often inclined 
■~ to the planes of stratification and lamination at 
I an angle of 30° or 40°, and sometimes the two 
^ planes dip in opposite directions. The cleav- 
^ age planes are remarkable for their almost per- 
l" feot parallelism, while the strata and their 
I laminse are usually contorted. 
^ "Eig. 14, exhibitB a set of eleavaga plcaes orossiog 
tte ourved atratti in the alate I'nolia of Wales. 

In Fig. 15, are esUibited the planes of stvatification, 
BB, B B ; the ioiuts, A. A, A A ; and tbe slaty cleavage, 
d, d. 

Fg 15 
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ORIGIN OF DIFFERENT STRUCTURES. 29 

Jhscr. Strata and laminte may be distinguished from joints 
and cleavage. 1. By the alternation of different materiala in the 
former. 2. By a difference of organic remains in tlie successive 
layers. 3. By ripple marks and tortuosities. 4. By a difference 
in color of successive portions of the rock. 

Descr. Joints may be distinguished from cleavage planes 
chiefly by two marks. 1. A jointed structure rarely extends 
through large masses of roeka ; at least not without more interrup- 
tion than is found in cleavage. 2. The portion of rock included 
between two joints is not capable of a subdivision by parallel 
planes ; but in cleavage the subdivision may he carried on to an 
extreme degree of fineness. 

Origin of the digerent Straeturei in the Slratijied Bockt. 

Thia will explain all the 



Bieond Cauje. Deflicoation. By contraotiog tiie mass of the roct, it U 
oompellBd to fleparate iiito fragments ; but this can explaio only some of the 
more irregular divi^oaal struoCiir«s, ench as those of septaria and iron stone. 

Third Oauae. A meobanioal force acting baneatli, by which fissures are 
produced, either parallel or radiating from a centre, or without symmetry in 
their direction. This may eiplain some varieties of jomts. 

JSmrtA Cause. Heat This must be Bfipposed iatenae enough to give so 
much of mobility to the particles that they can obey molecul^ attraction, 
and assume a partially erystallina forzn. In this way, probably nearly every 
case of cleavage was produced, and many cases of a jointed structure. 

Fifth Oaate. Water. If by this agent the particles can be made to mova 
among oae another, — (as tliey will do even by partial diffusion,)— they can 
then assume a crystalline airangement. as in the case of heat. And the ex- 
ample of distinct joints, which I have given in Fjg. 12, occurring in uneoiisoli- 
datad horizontal clay beds, seems to require euob a cause aa ttis for its ex- 
planation ; although. I have seen no similar cose described by writers on 
geology. But in West Springfield and Deerfield in MassachuselU, these 
joints are very numerous and distinct ; occurring, however, in only a few of 
the layei's of clay, while those above and below are unaffected. Thia day 
has certainly never been aubjected to any great degree of heat, being of very 
recent origin. 

Sixth Cause. Galvanic Eleolricity. The recent experiments of Mr. Robert 
Weare Fox of Great Britain, show that day, subjected to along voltaic ac"'" 
■ ■ ■ ■ ■■. day ' ■ ' 



becomes laminated, so as to resemble dav slate in its structure. Very 
probably an electric agency is essential in those cases where heat and water 
geem to produce the effect ; and that these latter causes operate chiefty by 
exalting the electridljea and giving mobility to the particles. 

Rem. In the difficult subject ot the structure of rocks, I have followed 
diiefly the original views of Professor Sedgwick, in hb paper on the slate of 
England and Wales, in the Qeological Tranaaeliiyns. vol. iii., p. 431, Second 
Series, Also Prof Johtk Phillips, in his Treatise on Qeology. 2 vols. London, 
1837 and 1839 ; also Mr. Lyell, in his Elements of Geology. The subject will 
probably need still further attention before it is perfected. Yet mucb baa 
been dotie. 
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IDEAL SECTION. 
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VEINS AND DYKES. 31 

DescT. The unstratified rocks occur in four modes. 1, As Ir- 
regular masses beneath tlie stratified rocks. 2. As veins crossing 
both the stratified and unstratified rocks. 3. As beds of irregular 
masses tlirast in between the strata. 4. As overlying masses. 
All these modes are shown in Pig. 16. 

Rem. The pheDomenai of veins, being very impartact, require a more de- 
tiiiled explouatioD. 

Def. Veins are of two kinds. I. Tiioseof segregation. 2. Those 
of injection. The former appear to have been separated from the 
general mass of the rock by elective affinity, when it was in a fluid 
state ; and consequently they are of the same age as the rock. 
Hence they are often called contemporaneous veins. 

lll-uf. Fig. 17, repreaents a bowlder of granite gneias, in Lowell, about S.ve 
feet long, traversed bj several veins of segregatioQ, whose eompoaition differs 
not greatly from that of tlie rock, except in being harder and more dielinctly 
grajiitie. Where veins of this description cross one another, tbey coalesce so 
that one does not cut off the other. The surface of the gueiss near Merri- 
maofc rirer in Middleses Oounty ia often covered with reticulations produced 
by veins uf this description. 

Fig. n. 




Vein! of Segregation in Gneiss .- Loaell. 

Def. The second class were once open fissures, which at a subse- 
quent period, were filled by injected matter. 

pescr. Veins of segregation are frequently insulated in the con- 
taining rock; they pass at their edges by insensible gradations 
into that rock; and are sometimes tuberctilar or even nodular. 
_ Descr. Injected vems can often be traced to a large mass of 
aimilar rock, from which, as they proceed, they often ramify and 
become exceedingly fine, until they are lost. Usually, especially 
in the oldest rocks, they are chemically united to the walls of the 
containing rock; bat large trap veins have often very little adbe- 
non to the sides. 
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GRANITE VEINS. 



IS protvuding from alarge l 




Granite Veins in EanibUnde Slate : Cornwall, Eng. 

D^. The large veins that are filled with trap rock or recent 
lava, are usually called dykes. These differ from true yeiDS, also, 
ia rarely Bending off brauehes. 

Inf. It is hence inferred, either that the matter of dykes was 
less fluid, because leas hot, than granite, or that the rocks through 
which veins pass, had a higher temperature than those into wtieh 
dykes were injected: so that the latter sooner cooled the fluid 
matter than the former. Hence, when the small lateral fissures 
were produced, as they probably usually were by the heat of the 
injected matter, the granite flowed into them, while the trap had 
become too hard. 

Descr. Trap dykes are sometimes several yards wide, aad ex- 
tend 60 or 70 miles ; as in England and Ireland. 

DescT. Dykes and veins frcc[Tiently cross one another ; and in 
such a case, the one that is out off, is regarded as the oldest. 

Rem. Uudoubtedly this rule, in general, can be depended on for deter- 
mining the relative age of injected veins. Yet it is easy to conceive bow a 
vein of conaidcrable size might be filled with matter not very flaid, without 
filling all tb« lateral fissures ; and should these be eubsequentlj filled with 
more perfectly fluid matter, they wonld appear to ba cut off by the larger 
vein ; and hence, by the rule, be regarded as the oldest, although in faot 
more recent. 

Prin. By this rule it may be shown that granite has been 
erupted at no less than four different epochs. 

Rem. Ido not find any European writer describing more than three epochs 
ot the eruption of grauite. Macculloch's System of Geology, vol. i. p. 137. 

Uiui. Fig. 19, represeota a bowlder of granite iu Westbampton, Mass, 
whoae baae was the product of the earliest epoch of eruption. This ia tra- 
versed by the granite vein, a, a, a, which was injected at a second epoch; 
i, ia a grnnite vein cutting a, and therefore produced at a third epoch ; while 
h, as well as a, are out off by tlie granite vciaa c, aud d, of fl fourth epoch. 
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II (}raniU Wcslliampton 

an be proved sueoessive eruptions 



Braiiiie V^iits i; 

FHti. By the same rale e; 
tliG trap rooks. 

lllus. Fig. 20, shows several interesting veins io syenite id tlie north pai-t 
of Cohasset, Mnas, No. l.istheljaaisof ayecite. Uo. 3, a dyke of porpliyry, 
10 feet wide. No. S, dykes of common greeiiEtonB, the InrgeaC 20 feet wide. 
No. 4, dykea of common greenstone, 5, 6, and 8 feet wide. Here then we 
have fuur sueoessive epochs of eruption. 




Dykes m Syettite : Cohassit, Mass. 



Fig. 21. exhibits veins io metamorfihio gneiss on tlie sea shore in Beverly 
Mass. The gneise, is almost converted into syenite. No, 1, is a vein of grauita. 
Ho. 2, dykes of common greenstone. No. 3, dykes of porphyritic greenstone. 
These loat are obvionsly the oldest ; and one of them la very much displaced. 
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(1 Metainot^his Qi 



•rly. Mast. 



Xkscr. In one remarlcable example of veins of different kinda, I 
have been able to trace eleven epochs of the eruption of anstratifieel 
rocks. {See Plate 1.) 

mm. This case U in tha city of Salem, Mhss., near the entraoce of the 
bridge leading to Beverly on the west side. The baaia rod!, Ho. 1, is eyeoitio 
greenstone. The oldest Teio, or dyke, (2) is greenetone, a few incLes wide. 
Nos. S and 4, are veins of reddisQ granite, — nearly all felspar, which oat 
across tha greenstone dyke. No. 2. These are very numeroos ; mnoh more so 
than is shown upon the drawing; and of very irregular width. — often branch- 
ing ont into strings a mere line in breath. They belong to at least two 
epoahs of eruption ; for some of them are cat off by the others, and probably 
still more eruptive epochs might be traced among them; but they are bo 
complicated that I have not been able to do it. No. 6, is a dyke of green- 
stone, whiob cuts off 3 and i. No. 8, which is 40 inches wide, is porphyritic 
grsenstone, and cuts off No. 6. A small dyke and nearly parallel, a little to 
the left, appears to be of the same age. No. 7, is porphyritic greenstone 
cutting off No. 6. No. 8, {of which there are two running nearly parallel,) 
intersects Nos. 6 and 'I, and is granite of felspar. No. 9, consists of two 
large djkea of greenstone, which cut off all the others that have been de- 
icribed, eioept No. 8 ; and perhaps this also ; but tbe intersection is covered 
by soil No. 10, of which there are small veins near the bottom of the sketch, 
and near the top, and is of the same kind of granite as Nos. Sand 4, intersects 
nearly all the preceding veins. Finally, No. 11. conEiata of the same kind 
of granite veins, a mere line in width, running diagonally across the sketch. 
The whols space repieaented. is S6 by 21 feet, and the lower part of it is 
eovered by the ocean at high tide, and the upper aurfkoe by soil. 

I have spent a good deal of time in examining tbis complicated and very 
interesting net work of veins and dykes ; and I cannot see why we have not 
evidence here, of the extraordinary feet— unique so (kr as I know — of eleven. 
BuocesBive eruptions of granite and trap rock. Or if we regard the basis rock 
M metamopp.'iic ; — that is, formed by the fusion of gneiss ; — and U may ba 
Mk— etiU, we have ten subsequent injections ! 
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Descr. Veins and dykes uaually cross the strata at various 
angles. But not unfrequently for a part of their course they 
have been mtt-uded between the strata ; and bence bave been 
mistaken for beds, and have given rise to the inqairy whether 
granite is not stratified. 

Descr. Dykes are usually noaih ^tnigbt but j^iinite ^tms are 
sometimes very tortuous 

lUve. Fig. S2. sbows two BmiU 1 ut veiy distmi-t gran te lema m ho 
mogeneous micaceous limeat"ne in Cnlraui Masa. If these aie iaj«i.ted 
Teiu9, as they appear to be it le extKin^ly difficult to account foi Uieir 
tortuosity. 

Pig, 22. 






t- .* ^ 




Fig. 23, represeuta 
a granite Tein only one 
eighth of an inch th k 
conforming to the flcj. /^^/-^ / 
ur.. ol mi«i .1.1. m JOt'lfg') 
Conway, Mb. Perhaps 
this may be a. Begrcgat 

Pig. 24, (see next page) is a tovtuous vein of granite in talcose slate m 
Chestei-, Maea., which loes not conform to the flexures of tbe slate. It la 
possible, however, that it may oori e'jpond t-o tlie orig nal curves of depoa t on 
and that the present slaty struotme is supeiindueed, tliuugh Ihnve stiong 
renaons to think that this is not the oaee. 

Descr. In modern volcanos the lava is ejected from circular 
vents, called craters. But the older unstratifled rocks, although 
evidently of voloanio origin, appear to have been protruded along 
extended fissures, either across the strata, or in the same direction 
as their strike. It is possible, however, that craters did once exist, 
but have been swept away by powerful denudation of the surfeoo. 
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CONCRETED STKUCTURE. 

Example. A range of greenstone com- 
meuees at New Haven in Connecticut, and 
ruQ3 diagonally across the valley of the 
Connecticut, until it terminates in Hamp. 
ahire County in Maasactusefcta. It must be 

breadljli, and it coiifoims generally to the 
strike of the sandstone. SimilaF rapges 
exist in New Jersey. 

Descr. The irastratified rocks, es- 
pecially when exposed to the weather, 
are usually divided into irregular frag- 
ments by fissures in various direc- 

Descr. Sometimes, however, these 
rooks haYe a concretionary structure 
i on a large scale ; that is, they are com- 
I posed of eonereted layers whose cur- 
I" vature is sometimes so slight, that 
: they are mistaien for strata. 

Ohii. Casea of thia sort cnn be dietin- 

■ guished from stratification, first by the eon- 

J creted divisioua not estending through the 

I ^ whole rock; Beoondly, by the % 



slat; 



e parallel 



' Exam. A. fine exajnple of this < 
I structure occurs at one of the quarries in 
■ syenite near Saudy Bay on Cape Ann. 
'• Another occurs in granite, at the granite 
- quarry in the hill east of the village of 
I Worcester. Another in Fitch burg. Another 
I ux the trap rock at Hahant. 
I Def. An interesting variety of 
jointed structure in some of the un- 
stratifled rocks, is the prismatic or 
columnar, hy which large masses of 
rocks are divided into regular forms, 
from a few inches to several feet in 
diameter ; hut with no spaces be- 
tween them. 

Obs. Tills curious phenomenon will be 
more particularly described in asubsequent 

Descr. The layers of the stratified 
rocks are sometimes horizontal ; but 
more frequently they are tilted up so 
as to dip beneath the horizon at every 
possible angle. 
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UNSTRATIFED ROCKS. 37 

Tkf. The angle which the surface of a stratum makes with the 
plane of the horizon is called its inclination, or dip ; and the di- 
rection of ita upturned edge is called its strike or bearing. 

Obs, Of course homoQtal strata have neither strike nor dip. The expoBurB 
of a etratuDi at the surface 19 caUed in Ibe limguage of miners, its out- 
erop or baaseting. 

Descr. As a general fact, the newer or higher reeks are less in- 
clined than those below. The highest are usually horizontal ; 
while the oldest are often perpendicular. 

Obi. Tbie admits of too maiij exceptioaa to be employed as a means for de- 
termining the age of rocks. Thus, a coosiderable part of the gneiss roots of 
N^ew England, (usually the oldest of tlie stratified rocks,) has a less dip thaa 
the sandstones, or even than some of the tertiary rocks of the same region. 

Descr. The instrument employed for ascertaining the dip of a 
stratum, is called a clinometer. Every geologist, however, ought 
to be able to determine the dip with sufficient accuracy for most 
purposes bj the eye. A good pocket compass will answer for 
finding the strike. 

Descr. Unstratified rocks do not probably occupy one tenth 
part of the earth's surface. 

Descr. In Great Britain, says Dr. MacouUoch, " they do not oovar a thou- 
aandth part of the superficies ot the island." In MassaohuBetts, they oeoupy 
nearly a quarter of the surlace. 

Prin. These roeka, however, we have reason to suppose, oc- 
cupy the internal parts of the earth to a great depth, if not to the 
centre; over which the stratified rocks are spread with very un 
equal thickuess, and in many places are entirely wanting. 

Explanation. Fig. 16, will convey a better idea than language, of the rela- 
tive Bituntion of the two classes of rocks. The different groups of stratified 
rooks, vb. Alluvium, Drift, Tertiary, Secondary and Primary fOBsiliferous 
with Hypozoio, are here shown resting upon one another, and upon granite 
beneath. This granite, also, is shown protruding to the surface; and upon 
its sides lie the stratified rocks highly inclined : vuns of syenite, porphyry, 
trap, serpentine and lava, are also shown protruding through the granite, and 
coming from beneath it ; as they must do, because they have been erupted 
since the granite. Veins of syenitic granile of a posterior date are likewise 
shown, penetrating tlie stratified rocks to the top of the secondary strata, 
whicli is the most recent granite yet discovered. Syenite and porphyry rise 
no higher than the top of the secondary ; but the trap rises to the top ot the 
tertiary ; and finally, modern lava overspreads alluvium. The stratified 
rocks are represented as inclined at different angles ; the lowest being the 
most tilted up. Although, therefore, this is not a section of any particular 
portion of the earth's crust, yet it will give a correct idea of the relative 
situation of the groups holh of stratified and unstratified rocks. For a 
much larger and more detailed section of this sort, see Bueklamts Bndgt- 
vater SVaitise, Plate 1. 

J'onnations. 
Beta. It is not possible in geoli 
tory, to describe species with d 



Id b, Google 



88 FOEMATIOKS. 

Meh rmsfc is found to be made up of varieties, often very nuraerouB, whioh 
msenaibly graduate into one another ; aa do also the rooks themselves ia 
many instances. lo botaoy, mineralogy and zoology, species are separated 
by definite lines, and never do thus pass into one another. If, tharefore, we 
employ in geology the eame esactnees of specifio^ description aa in these 
Bcienoes, we shall impose on nature a logical precision which will not fit her 
in this depfirtment of her works. Another method must, therefore, be adopt- 
ed. See Maeaalloch's Geological Clarification of Roekt, Chap. I. 

Def. Each rock, in its most extended seDse, consists of several 
varieties, agreeing together in certain general oha,racters, and 
occupying Bueh a relative situation vr'\\h respect to one another, as 
to show that all of them were formed under similar circumstances, 
and during the same geological period. Such a group constitutes 
tk formation. Ex. gr. tertiary formation, gueisa formation, &e. 

De^. This term often embraces several distinct rocks, when 
there is reason to suppose them the result of the same geological 
period. 

Fig. 2G, will ^ve an idea of the English lias formation lying between the 
oolite formation above, and ^e red sandstone formation beneath. 

Fig. 25. 



: '—i ^ ^ — V^— Marlslone, 




Lias limestonei, 
I»wer liae sbales. 



D^. The English word group, and the French Wrain, are 
nearly synonymous with formation. The term series is also very 
convenient in description. 

Def. When the planes of stratification are parallel to one 
another in different formations, the stratification is said to be am- 
fortnabk ; when not parallel, it ia unconformabh. 

Descr. The stratification in different formations is usually un- 
conformable, as ia shown in the position of the hjpozoio and foa- 
uliferons formations, in Tig. 16. 

htf It is hence inferred that the stratified rooki were elerated 
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at different epochs : in other words, those formations which are 
the most highly inclined, must hare been partially elevated before 
the others were deposited upon them. 

Descr. These numerous elevations of the strata have produced 
in them a great variety of cracks, fissures, and slides. 

Def. When the continuity of the strata is interrupted by a fis- 
sure, so that the same stratum is higher on one side than on the 
other, or has been slidden laterally, that fissure is called & fault, or 
a trouble, — a slip, — a dyke, &c : aa a,b, c, d. Pig. 26. 




Ran. A Ikult is generally filled with fl^meats of t-ocbs, day, ^ as il it 
often oceutoos great (rouble in the woririn^ of mines, because, when it ii 
reached, it is impossible to decide whether the eontinuatioa oi the miaMUl 
sought is abore OP helow the Jevel, or to the right or left. 

Ihf. If the fissure is open and of considerable width, and is 
succeeded at each extremity by a wider Talley, it is OBWeA* gorge, 

Def. If it be still wider, with the sides eloping or rounded at 
the bottom, a vaUeg is produced ; as d. 

Prin. In a similar way most of the valleys of primitive conn- 
tries were formed. 

Def The line forming the top of a mountain ridge, or running 
through a valley, along which the strata dip in opposite directions, 
is called an antKlimu Hne, or anticlinal axis ; aa at a, Fig. 27, 
and 6, Fig 28 
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Def. When the strata dip towards this line oa < 
is called a. synclinal line, or axis, as at b, Fig. 28, 




Def. When the strata dip from any point in all directions out 
wards, {as arouad the crater of a volcano,) the dip is said to be 
quaquav&rsal. 

Classijication of Rocks. 

Rem. N^umeraus Bttampta have been made to clsssifj tbe rooks. Bataone 
of the arrangements hitherto proposed, poseesa so decided a auperioritj over 
the others ae to be adopted in every purticular. In the present state of the 
Bubjeet, all that can be done is to give the outlines of the most importnat 
systems of elaBaiflcatioo, leaving the reader to take' his choice among them. 
I shall first describe some of the larger groups of rooks, which have long 
been admitted bj most geologists to eidst in nature. 

Descr. If we suppose ourselves placed iu a meadow, which has 
resulted from the successive deposits of annual floods, and begin a 

Serpeudicular excavation into the earth, we shall pass through the 
ifferent classes of roeks in the following order. 

Def. For a few feet only, — ^rarely as many as 100, we shall pass 
through layers of loam, sand, and fine gravel, arranged in neaily 
horizontal beds. This deposit, from an existing river, is denomi- 
nated alluvium. 

Def. All deposits from causes now in action, which have taken 
place since the present order of things commenced on the globe, 
are usually regarded as alluvial. 

Def. The lower part of the alluvium in some counties is coarser, 
and contains large rounded or angular blocks called bowlders, 
mised with gravel, sand, and clay; sometimes without stratifica- 
tion. It was formerly called Diluvium but now goes by the name 
of Drift. 

DescT. Alluvium passes insensibly into Drift; the materials be- 
coming coarser and coarser, and the stratification less distinct. 
But probably both are the result of the same agencies, (more than 
one,) a good deal modified. The subject will be fully treated in a 
subsequent section. 

Zfcf. The next series of strata which we penetrate in descending 
isto the earth, is composed of layers of clay, sand, gravel, and 
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marl, with occaaional quartzoae and ealcareouB beds more or less 
consolidated ; all of which were deposited in waters eomparatively 
quiet and in separate basins They also contain many peculiar 
organic remains, and sometimes dip at a small angle, though 
usually they are horizontal. These strata are called tertiary. 

Descr. The formations which we penetrate after passing through 
the tertiary, are composed for the most part of solid rocks. They 
are, however, mostly made up of sand, clay, and pebbles, bound 
together by some sort of cement. With these are interstratified 
many varieties of limestone; and throughout tiie whole series is 
found a great variety of the remains of animals and plants, very 
different from those in the tertiary strata. These groups of rock 
sometimes lie horizontal ; but are usually more or less elevated, 
so aa to make them dip at various angles. They are called /oMi- 
liferous or fossil -bearing ; a fossil being the relic of an animal or 
plant dug out of the earth. As far dowa as the Permian Group 
inclusive, these rocks are called Secondary or Mesozok ; those be- 
low the Permian are denominated Primary fossUiferous, or 
Falmzoic. 

Def. The stratified rocks below the fossiliferous, are distin- 
guished by the absence of organic remains, by having a structure 
more or less crystalline, and by being more highly inclined. 
They are called hypozoic rocks. This term has also been applied 
to the unstratified crystalline rocks. Mr. Lyell has proposed, as 
a substitute, the term hypogene ; meaning " nether-formed rocks, or 
rocks which have not assumed their present form and structure at 
the sur&ce." Ekm. Geol. Vol. i., p. 20. 

They are also frequently called Metamorphic Rocks ; because 
they are supposed to have been changed by heat from a state of 
mechanical aggregation to a crystalline condition. 

Descr. Many able geologists regard the stratified rooks below 
the fossiliferous as probably no older than the fossiliferous. This 
opinion takes for granted that they are all metamorphic, as some 
of them most certainly are. But where they underlie the fossil- 
iferous, even though metamorphic, they must have been deposited 
at an earlier date. 

Ikscr. Immediately beneath the hypozoze stratified rocks, we 
find the unstratified ones. 

Inf. As this is found to be the case wherever the stratified rocks 
have been penetrated, it is inferred that the internal parts of the 
globe, beneath a comparatively thin crust, are made up of un- 
stratified rocks ; at least to a very great depth. 

Descr. Among the hypozoic rocks there is no settled order of 
superposition. Perhaps gneiss most commonly lies immediately 
above granite ; but the other members of tie series are frequently 
found also in the same position. 
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48 INVERTED BTBATA. 

Descr, Among the fossiliferoua rocks there exists an inTariable 
order of superposition. 

Exception. In a few cases 
tbeir edges, but aetually over 
eeulioQ in Fig. 37, was taken in tbe Alpa, and exbibita a case of this Idod. 
Q, is gneiss, L. L. limestone, C, coaglomKrate, loctCiij called naglfjhie. Now 
the HmealonB is really an older root than (be conglomerate ; and yet it lies 
above the conglomerate, because the whole series baa been tossed over, so as 
to bring the newer roeka beneatb the older. 

Descr. In some inatancea the strata Jiave been folded together 
.s to bring some of the newer 
rocks beneath the older. 
Fig. 29, is a section of this 
character. Originally the 
strata were probably fol- 
ded, as is shown by the 
curved lines passing from 1 
to 1 , 2 to 2, and so on. But 
their upper parts have beea 
denuded, so that the present 
surface is <t, a. The oldest 
strata are now found to be 
6, 6 ; and they correspond 

outward on each side of these; as, 5, 5; 4, 4; &c. Such an 

example as this has been called a, folded acsis. 

Exam. I have no small reason to believe that a similar folding and over- 
tiirnrng of the strata have taken place on a vast seale in the United States 1 
although the phenomena have not yet been studied aa carefully as wonld be 
desirable ; and some of our geologists explain the inverted dip on other prin- 
ciples. Along the western part of the Green and Hoosac Mountains, in New 
Emgland, occur interstratified beds of gneiss, mica slate, tnlcose slate, clay 
slate, limestone, and older Silurian rooks, which are either perpeudieular, or 
have a high easterly dip : and yet the oldest members of the series are found 
along the eastern side of this belt, and the strata become newer and newer 
as we go westerly ; that is, the oldest rocks lie apparently above the newer 
ones. These appearances present themselves nearly the whole distance from 
Oonneetieat river to Hudson river; a breadth of nearly fifty miles. Now 
suppose in early times the strata between those rivers to have been some- 
what elevated, with Housac Mountain, or the Qreen Mountains as their prin- 
cipal axis, as is shown in fig. 80 ; where L stands for iimeatone, M, for mica 
slate, T, for talcose siate. S, for clay slate, and Si!, for Silurian. While yet 
in a yielding state, imagine powerful forces to aet in opposite directions at 
the two extremities of these strata: that is at Oonneeticut and Hudson 
rivers; where we have reason to believe extensive faults exist : while at the 
same time we may suppose an upward str^u upon the strata from gas or 
melted matter beneath. The effect would be to bend und told together the 
strata, its they are shown upiwi fig 31. If afterwards they were denuded by 
water, to the depth of the irregular line A A. their character, dip, and out- 
line would con'espond essentially to what we find between Connecticut and 
Hudson rivers. It appears further, from the Geological reports of Profewior* 
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FOLDED STRATA. 



Traneaaee. that theae name rSck^ with aimilBr inTersion of their dip, i> 
all thoBB states, forming a oonaiderable part of the Appalnchidn MountatnB ; 
ami that in fact they estend almost uaioterruptedly from Oanada to Ala- 
bama; a distance of nearly 130O miles. And if the above theory of the 
folding and inTersLon of this belt of rocks be correct in the latitude of MBit- 
- Jfudton River, 
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Ktdiasetle, it ia without doubt true orer this vast extent of country. Nor 
can we donbt that ngeociea suffidently powerful Lave operated often in na- 
ture to produce these effects ; although it is difficult for the mind to become 
familiar with such stupendous forces. (See this theory farther eltmidalid in 
(Ae Final Report on the Geology of Mauachwistle, vol B, p. 517. and in the 
Snt AnniveriaTff AddreM before Ou Atiociatton of American Geologists at 
"Philodelphia. 1841, Alio aitd especially, in a paper by the Profeseors 
Rogers, on the Physical Structure of the Appaiachian Chain in 2Vani. Aintr. 
Asa. Geologists, lSi3.) 

Descr. Sometimes the strata, after desoending in an inverted 
position from 1000 to 1500 fe«t, curve in such a direction as to 
bring them into their proper position ; as is shown in Fig. 32, taken 
in the Alps. 




Descr. One or more rocks are frequently wanting in the secon- 
dary series, which brings those of very different ages into oontaet: 
but the order of arrangement is never thereby disturbed. 

Exam. Thus in Fi§. 33, on the left side of the central maas of granite (A,) 
--e have the hypozoio (B,) the secondary (C,) and tertiary (D,) in regular 



; but on the o! 



:r side, the secondary is wanting ; and tti 
~ ) as well as upon the grai 
:t with all the formations. 



7 (ft) 



lie direody upon the hypozuic (F.) as well as upon the granite, while' a de- 
posite of drift (E,) c * ■--.—--■- -'■ .i. ^.. -....- 



Oth^ SifStems of Class^katio'. 



Vetcr. Dr. Maconlloob divides the strata into four principal olassea. His 
Alluuial Class embraecs alluvial and drift : bis Tertiary Class is the same as 
that already described ; his Secondary Class extends no &rther downward 
than to tbe Dottom of the old red aandetone; and the remainder of the fossil- 
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SYSTEMS OF CLASSIFICATION, 
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whioh he also daiominatea classes, by the deaigDation Frotolitk, Deulolilh, 
&e. This latter arrangemant he danomiaates the Nattirat System, and the 
former the ArUJicial System. MaccvllocKt System of Geology, voL 9, p. 78 

Deicr. In Rev. W. D. CoDjbeare'a airangement, alluviuin, drift, and the 
tertiary strata, are called the Superior Order ; the roots from the ehallr to 
the coal meaeurea, form his Sapermedial Order ; the eoal meaaures, carbon- 
iferous limesl^oe, and old red aaadatone, form his Medial Order ; the remain- 
ing fossiliferous rooks eonstitute hia Bubmedial Order: and the atratified 
hypozoic groapa hia Inferior Order. The unatratifled roeka are diatributed 
amoDg the atratified, according to their supposed age. This system has tbe 
merit of being both simple and free from all hypothetical allnaiona Cony- 
beareand Wm. Phillip's Geology of England and Wales,-7o\. I, 1823. 

Bescr. De la Beehe divides all rocks into two great olasaea, the Stratified 
and Vnstrafified The latter be treats as a aidgle family ; tbe former, he 
BubdiTides into ten groupa. The firat la called the Modem Group, and eor- 
reapoQdsto alluvium; the second is the ffiraiic Siocfc ffroMp, corresponding 
to drift; the third, the Supereretaceous Group, embraoiog the tertiary 
strata; the fourth, tbe Cretaceous Group includmg only tbe chalk and Borne 
asao<Mated strata ; tbe fifth, the Oolitic Group, comprehending tbe oolite and 
tbe lias ; the aiitb, the Red Sandstone Group, or the new red sandstone ; the 
seventh, the Carboniferous Group, containing the coal measures, carbonifar- 
oiis limestone, aad tbe old red SHadstone: tbe eighth, the Grayicacke Group, 
or the graywaoka formation : the ninth, the Lowest Fossittferoiis Group, or 
fijsailiferous slates lying below the graywacke ; and the tenth, the Primary 
Stratijled Non-FotsH^erous Rocks. TTiia arrnngemant is also natural and 
satisfiiotory. J>e la SecUs Man. Geol. p. 38, third edition. 

Deter. Mr. Lyell arrangea the fbaailiferous roeka in the following Groups 
and subdivisionB : 1. The Post Tertiary embracing the Recent, and Poet 
Pliocene; 2. The Tertiary embracing tbe Newer and older Pliocene, the 
Miocene and the Eoceine -. S. The Secondary embracing tbe Gcetaceoua, upper 
and lower, with the Upper and Lower Green Sand and the Gault; the Weal- 
den with Haatinga Sand and Purbeek Beds ; Oolite upper, middle and bwer ; 
Liaa; and Trias: 4. The Primary, embradng the Permian upper and lower; 
the Carboniferous, consisting of the coal Measures and Mountain Limestone ; 
tbe Devonian upper and lower; the Silurian, upper and lower. Manual of 
EL OeoL p. 861, London, 1862. Hia Metamotphic Rocks embrace ail the 
atratified non-fosaiUferous whose age is unoertam. The unstratified be calls 
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Sescr. Oinaliiis d'Halloy, a Freueh geologist, in 1S3I, proposed the follow- 
ing BjHtcm of iirtnngeineEt. He Sval dividea nil rooks iuto il^epiiHiian, or 
the stratified, and the Plutonian, oi' unstratified : then uudei' his first cloas, 
or Modern Pormation, he places alluviura ; undoc Tertiary Formaliont, he 
puts drifts nod the tertiarj strata; under Ammrmecm Formations, he in- 
dudee the subjacent roclcs a? h.T aa the coal measures ; ani under Hentilysian 
Formatioim, olL the reraaiuiog stratified rooks. The unstratified ones hs di' 
vides into two olssses ; the first, embracing granite and porphjrry, is called 
Affalvtian ; the second, embraciug basalt, trachjte, and laTa, is called Py- 
roidm. His three first elasses be alao denominates Seoondary ; and the re- 
maiaiog class of stratified I'ocks, with the first division of the uDsti'atified, 
Primurdial. Elements de C/eologie, par J. J. D'Ontcdim B'HaUoy, Farit, 
1881. 

DescT. ProC Alesandev Brongniart, another distinguished French geologi-it 
in 1829, proposed to embrace ail the rooks under the Jovian Period, or the 
existJDg era ; and the Satitrnian Period, or the era preoedmg the last r«vola- 
tion of the globe. His first period ambraoeB only alluvium which he iKvidos 
into the Alitivial, Zyaian, and PyrogetanK Fonrtationa. Hia second period 
embraces, first, the Sfratijifd or Nepivniaa, Formaiiotts. and ecoondly, the 
Massive or Tgphonian Fonaaiions. The fii'st of these is dividad into the 
Olysmian Fbrntotioa^ or drift ; the Izemian Formaiiane, or the strata, aa far 
down as the monntaui limestone ; Hemilysian Formations, embracing all the 
renudning foasiliferons strata ; and the Agalytian, Fbrmationt, which IneLude 
all the hjpozoie stratified rocks. His Typhooian class he divides into the 
PltUoniatt, and Yiileanian JUirraations. Tableau dss lirrains, So.par Prof. 
Al. Brongniart, Paris, 1829. 

J>escr. To pve aa idea of more recent classifications in continental Enrope, 
I will quote two authors. In 18i5 Dr. Fr, Unger, in his synnpsis Plantarum, 
FosiUivm, p. 267, divides the series of strata into the following Formations. 
1. TTie Tertiary Pliocene. 3. The Tertiary Miocene. 8. The Tertiafj Eo- 
cene. 4. Thedi'eeaceous. 6. ThaWealden. 6. The Oolitic. 7. The Liassic. 
8. The Irised Marls. 9. The Musohelkalfc. 10. Tha Upper New Red Sand- 
stone. 11. The Magnedan Limestone. 12. Ilie Lower New Rod Sandstone. 
13. The Carboniferous, embracbg the Mountain UnieBtone and Old Eed 
Sandstone. 14. The TrMisition, embra<Mng the Devonian Silurian and Cambrian. 

Beser. lu 1850 M. Alcide D'Orhigoy of Paris m his Goars Mlemeiir 
taire de Paleontolgie et de Geologie StratigrapMques, p. 157, gives the 
following classification which I preaetit untranslated, since many of the sub- 
divisions have no correspondent terms in oar langnage. 1. lifrain Oontem- 
poraint : Epoqua actuelle. 2, Ter TerCiary, embracing the Sobapenin, Fal- 
unien, Pariaien, and Suessouien. S. Ter Cretases; embradng the Danieo, 
SenonieD, Turonien, Cenomanien, Alhien, Aptien and Neocomien. i. Ter. 
Jarassiqtie ; embracing the Poctlaudicn, Kiramecidgien, Cornllien, Osfordien, 
Callovien, Bathornien, Bajocien, Toarcien, Liasien, and Siiiemurien. 6, Ter. 
Ihiasiqiiee, embracing the Salifarien and Conchylien. 6. Ter. Paleo^nigties, 
embracing the Permien, Carbonlferlen, Devonien and Silurieu, superieur et 

I>eacr. Dr. Mantell proposes a chronological arrangement of the rocks. 
His two great classes are the Foisil'ferous Strata, and the Metamorphic 
itoeks : tha latter embracit^ the unstratified rocks as well as the stratified 
hypozoic Under Modern and Ancient Allumwn. he places alluvium and 
drift. Best come the lirtiar^ Strata: then, as the first gi-oup of the second- 
ary formations, the Oluilt. or Oretacdota St/stem. The second group is the 
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Wealden ; the Hatd, the Oolite ; the fourth, the lAas ; the fifth, tlie SaU' 
ferous Strata ; the sixth, Iha Garbfmi/erons System, or Coal ; the seveuth, 
tie SiiuHan System, or upper icembei's of the grajwnoke Bei'ies; and the 
eighth, the Oambrian or Graywacke System. His metamoi'pbio roeks oom- 
pi'cheud three groups. 1. Mica Sehist. 2. Gieisi. S. ffraniie. — MantfU's 
Wonders of Geology, toI. I, p. 118, iondojt, 1833. 

Deser. Professor Joha Phillips divides all rooka into the stratified and un- 
etratified ; and then, Ulte Da la Beehe and Dr. Buolihind, he does nut attempt 
to distribute the latter among the former, but treats of each class separfitely. 
ThestraCified class he thus subdiyides. Alluvium niid drift are plaoed under 
Superfieial Accwimlation,s, tind denominated. Alluvial Depositions and DUti- 
iiial BepoHtiotis. The tertiary strata he divides into the Crag, Preshvmter 
Marls, and Londoa Clay. The seooudary strata, which extend to the bottom 
of the old red eandstoae, he divides into the Oretaeeoua System, the Oolitto 



Mica Schist System, tmd the Gneiss System. The subdivision of these systems 
may be seen in the aceompanying table. IVeat. on Geol.from ike Sacyelo- 
piedia £rUanttiea vol. 1, Sdinbargh, 1838, Also a TVeat. art Geol.in 2 Vols, 
London, 1 887 and ] 839, in Cabinet Jjibrary, 

Descr. It seems now to be pretty well asoertiuned, that the Silurian and 
Cambrian systema cannot lje separated by their organic remains, and must 
therefore be considered as one group. (JfurcAisoji's Anniiieraary Address 
be/ore t/ie Land. Geol. Sad./or 1848.) Aooordingly they are so represented 
in the claasifieation by Professor Anated, in the Tabular View annexed. His 
Tertiary Perio<l extends from the top of tie rook series to the ohalk. The 
chalk he calls the Newer Secondary ; the Wealden and Oolite Middle Second- 
ary ; the Upper New Red Sandstone or Triasdo System, the Older Second- 
ary : the Lower Hew Red, or Permian System, and the Carboniferous Sys- 
tem, form his Seweu pEd^ozoio Period ■ the Devonian System, or Old Red 
SoiidstODe, his Middle Palaeozoic; and the Silurian luid Oambrinn Systems, 
(divided into Upper aud JjJwer,) his Older Pnlteozoic ; while the nou-fosail- 
iferoue roeka he denominates the Metamorphia See Ansleds Ehology, 3 
vols., London, 1844. 

Iq Sedgwick's and McCoy's synopsis of the olassilioation of the Biitish 
Palaeozoic Bocks, Loudon 18SI, we have the clns.'^lieatioQ finally adopted by 
the former of the rocks below the Trias. I- Hypozoio Rocks or non-foasil- 
iferous. 2. Cambrian Rocka older and upper. 3. Camdoc Group. 4. Upper 
Silurian Rocks, including all from the top of the Wenlock shale to the Tile- 
Btono. 6. Old Red Sandstone or Devonian Groups. 6. Carboniferous Groups. 
7. Permian Groups. 

Descr. The System of the New York State Geologists in the Table, em- 
braoBs only the rooks found in that State, where the Cretaoeona, WealdcQ 
Oolitic, and Liassic groups, are wanting. Their Quaternary system embraces 
Alluvium and Drift ; next comes the Tertiary ; next the New Red Sandstone, 
embracing the Trinssic and Permian Systems; neiit the IJarboniferous ; next 
the Old Red System ; next the New York System, embracing 29 groups ; 
eleven of which, according to Professor James Halt correspond to the De- 
Tooiao Systeni, ten to the U pper SilurLm, aud e^ht to the Jjower Silurian. 
See Prof. Sail's latest viems m Mater and Whilnei/s Report on the Qeol. of 
Xata i^tmor, part 2, p. 285, 1SB2; next the Taeonic System, which, aacord- 
ing to Professor Emmons, is fossiliferous, and distinct from the Hew York 
System, but according to others, it is the latter metamorphosed by heat ; 
finally, the Primary or Hjpogene System. 
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48 SYSTEMS OF CLASSIFICATION. 

J>eier. The System by Pro£ W. B, RogeTB of Virginia, and H. D. Ho^rg 
of Pennflylvttuift, ombrooes the rooks of the United States, They begin with 
alluvium and drift ; aod dividing the Tertiary into four groups (Post-Pleio- 
cene, Pleiocene, Miocene, and Eocene,) they denominate the whole the Cai- 
nozoio Period. The Cretaceous rocks, (divided into Upper, Middle, and 
Lower.) and the Oolitic Coal Series of eastern Virginia, thoy call the Mesozoie 
Period ; the Upper New Red, the Triaasic Sei'iea ; and all the period be- 
tween the Trias and Clay Slate, they call the Appalachian Paleeozoie Day, 
which they divide into nine portions, which refer to the time of day, and 
whose eorrespondenee with the New York System will ba seen upon the 
Tabular View. 

Deicr. The last system in the Tabular View, presents a classifieation found 
ed upon PftliBontology, or Orgamo Remains, which. I venture to suggest as 
sometimes eonyenient. The first column marks out the vertical limits of the 
different systems of organic life that have appeared on the globe, so far as 
they have been well ascertained. The lowest, erabraeing all the roeks below 
the Silurian, is called Azoic, that is, destitute of organic beings ; the second 
extends to the top of the Permian Qroup, embracing the Cambrian and Si- 
lurian, the Devonian. Carboniferous, and Permian, and is called the Protoioic 
The second system, or the Deutozoie, embraces only tlie Trias : the third, or 
Tritnzoic, the Lias and Oolite ; the fourth, or Tetrazoic, the chalk ; the fifth, 
or Peotezoie, the Tertiary; and the sixth, or Hectezoio, Alluvium only; 
whioh comprehends the living creation. The second column, expresses the 
animal or substance most characteristic of the different groups. Thus the 
Hectazoic is Homoniferous, or contains the remains of man ; the Pentezoic ia 
Mammaliferous, or contMns the remains of mammalia ; the Tetrnzoie is For- 
ftminiferouB, or abounds in Foraminifera ; the Tritozoic is Dinoaauriferous, 
(containing land ijaurians,) Pterosauriferous, (containing fiying Saurians,) aod 
Eaaliosauriferons, (contiuningnmi'ine Saurians;) the Deutozoie is Ichniferous. 
because abounding in the tracks of animals ; the Protozoic is lohtliyferouB, 
because contiuning peculiar fish, carbuniferous. because abounding iu coal; 
Cephalopodtferous, because abannding in Cephalopod shells ; Polypiferous, 
because abouadiag in Corals ; Trilobiferous, because abounding in Trilobites ; 
and BrachiopodiferouB, because abounding in Braohiopod shells; the Azoic 
series is Crystaliferous, because abounding in Crystals. 

Rem. A cursory view of iiie table is apt to coDvey the impression that al 
most everything relating to the classification of rocks is unsettled, and that 
there is scarcely any ngreement among the different systems. Some explana- 
tions and inferences, therefore, seem dcairable, to present the subject in its 
true light. 

FHn. In judging of a classification of natural objects, it is important that 
we distingmsh natural from artificial characters- Thus, in botany, plants 
may be divided into classes and orders depending upon the number and situa- 
tion of the stamens and pistils of their flowers; or upon the anatomical 
structure of the plant. ~Bj the first arrangement we shall bring together 
plants the moat unlike in their general pmperties ; and therefore, there is no 
necessary connection between those properties and the number and situation 
of the stamens and pistils, and hence such characters are artidcialor arbi- 
trary. But those plants which are alike In anatomical structure, correspond 
in most of their properties; aod anch characters, therefore, are natural 

I^f. 1. In applying this ()rinciple to rocks, we find first, that their divis- 
ion intu stratified and unstratified is natural : that is. it brings together those 
kinds whose origin and other important characters are similar. Now we 
shall find that this division enters into nearly all the more recent aystems of 
classification that have been described. 
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ELEMENTS OF THE SOCKS. 49 

Inf. a. lu the division of the rocks into fossiliferous and non-foasiliferona, 
aH geologists Rgree ; and in fact tliere is scaroB a poBsibility of disagreenieot 
on tliis poiDt^ So that here WH liave another import,ant natural cliaractcr as 
the basis of classification. 

Inf. 3. In nearly all tlie Bj^stems of classifications, the larger formationa 
coincide; wliicU ia a presumptive proof that they are natural ; since so many 
different observers agi'ee in furiniug Iheir boundaries. These formations 
ought perhaps to be regarded as the species in geology. 

/»/. 4. Classification founded upon the relative age of different rooks, ia 
entirely_ natural, because alt obaervers agree that they were produced at dif- 
lereut times. But as superposition and organic remains are the only safe cri- 
teria of relative age, there is ground for a diversity of opinion in aseigning 
places to the different formationa ; since these criteria can be ascertuined 
sometimes only imperfectly. 

In/. 6. Cliaracters dependent upon tbeoretioal oonsiderationa are artifiiSali 
since few of the theories are so certainly settled as not to be liable to con- 
siderable modification. Hence auch terms aa primary, transition, secondary, 
tertiary, drift, Ac, are objectionable, if they are not understood to refer sim- 
ply to superpositiotL 

Mem. Neology is often a greater evil in science than the continued use of 
objectionable terms ; continued, I mean, until terms ai-o proposed wUrcli ara 
so decidedly good as to force themselves into use. It is partly on this 
ground that the terms primary, transition, aeoondaiy, and tertiary, atill con- 
tinue in use. But it is partly, also, because, apart from theoretical viewa, 
there does exist in nature some foundation for a division of the rocks into 
groups of this sort. Still, those more numerous groups or formatioaB into 
which tie best geologists now divide roeta, are muii more natural ; and 
they have come into general use, ao as to exclude the terms primary, second- 
in/: 6. Characters fonnded upon lithological diatinctbns are artificial, for 
the same reason that those derived from the number of stamens and piatils 
are bad in butaiiy. 

Inf. 1. Discrepancy in claaaification often springs from carrying the aub- 
divisions of a formation too far, for the sanne reason that charaolera in botany 
and zoology could not be depended on, that were derived from the varieties- 
of a species. 

Inf. 8. Finally, it appears that in all the essential principles 
of the classification of rooks, geologists are nearly agreed. They 
all admit one class to be stratified and another unstratified : one 
portion of the stratified rooks to be fossiliferoua and another por- 
tion not fossiliferoua. And they generally agree, also, aa to the 
extent of the different distinct formations ; although some would 
make their number greater than others, — -just as it is in respect to 
species in mineralogy, botany, and zoology. Now these three 
principles are all that are essential for classification ; and some of 
the best geologists, as may be seen by the table, limit themselves 
to these. But if others choose to subdivide the formationa still 
farther, and to refer the groups to primary, secondary, &c, classes, 
even though they differ widely here, it must not be hence inferred 
that they are at variance in respect to the essential principles of 
alaseifioatioD. 
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GEOLOGIST, 



tmitrumsnts convenient fur ths praclical geologist. 

Hammers. Tlie Clinometer and Pocket Compaas have been laenlionsd io 
another plaee. Still more iadisp^sable are hammflrs. Two oi- three of thesB 
of different sizes, with rounded faces on one aide, and wedge shaped or point- 
ed at the oflier. The largeat should be a somewhat heavy sledge, and the 
smallest of only a few ouness weight for trimmic^ epeoimens. 

Byphon and Aneroid Barometers. In scioh a country as ours, where the 
height a,l»ve the oceaq of so few spots has been aaoertained, barometers be- 
como very important to the geologist. Of the mepourial barometers perhaps 
the SjpliOQ form is the best ; altliough usually less accurate than the oistei'n 
form. But such barometers at the best require a good deal of care and hibor 
to use them, aud calculate the results. I have beeo, therefore, deeply in- 



Fig. S4. 



terested ii 

kind of barometer, 
called the Aneroid : 
and for the last three 
years I have made a 
great number of ob- 

bnth iu thia country 
and JQ Europe. And 
I am conviDCcd, that 
with proper precau- 
tions, it gives results 
of great value to the 
gecJogist, at least as 
high as 5,000 feet. I 
obtained the b eight 
of Snowdon and Ca- 
der Idvis ia Wales, 
and of La Fayette 
in New Hampshire 
with a good degree of aeonracy ; but when I ascended to 6,000 and 7,000 
feet in the Alps, my instrument became useless from the want of tension 
in the hair-spring. In smaller altitudes, and when the interval between 
the observation is short, I can depend upon the results within 20 or 30 feet, 
and usually less. I have found the best way to lie, to ascertain the ranges 
of the index by numerous observations upon known heights — that is, bow 
many feet of vertJcal movement is equivalent to a diange of a tenth of 
an inch by the index. In my own instrument it is 'Z8.47feet; aad to as- 
certain the diSereuoe of level, we hare only to multiply this number by the 
space passed over by the index in thoasaudthsof aninch; and cutting oB the 
four right hand figures for decimals. It seems to ine that this iastrument 
may be made serviceable to the practical geologist as well as amusing to 
tlie traveller, and I have given a sketch of it in Fig. 84. 

Sescr. As I was sending the present edition of this work to the press, my 
friend Moses R Hale Esq. of Boston, presented me with an interesting in- 
strnmeut called a Pedometer, intended to measure the distance which a man 
walks over ; or rather the number of steps which he lakes, and which in the 
same individual are nsnallj about the same length. Each step causes a heavy 

Eandnlum to move downward in the instrument, and it is instantly throwQ 
ick by a spring, bo as to move 15 irward severnl wheels and the index. The 
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IltSTKUMBNTS I 



[ THE PHACTIGAL 



&ice of the inBtrument ie divided, like a vatch. iuto twelve equnl part«, and 
the indei ought to move over one of them every mile. The Bketuhes below. 
Figs. 36 and 39, will give Home Idea of the fiice iiod ioternal structure of this 
iuBtrumeat. I have Qot had so much opportunity aa Mr. Hale to know how 




much dependeoce can be plaaed upon it ; but he finds it tolerablj accurate, and 
the geologist will see that even if it only approximate to a true measure of 
a, man's steps, it must bj of great service, in many instances. 

Oesffr. A most important desideratum with -the geologist is the means of 
taking accurate sketches of objects which he nieels in his researches, es. 
peoiallj in surface geology. Some have great ekill in sketching by the 
eye : but most geologists have not ; nor have I ever met with any perspective 
instrument that appeared to me to promise much help, till I obtained one 
invented and constructed on a. new prinoipla by Mr. Franklin P. Chapin, 
Professor in the Ilatnral Sciences in the Fittsneld Institute for young ladies, 
and of wbidi he haa kindly coDsented to allow me to present the annexed 
sketch Fig. 87. It is called the Pentegraphie Delineator, because it is an ap- 
plication of the pentegraph to perspective. The eye is applied to the 
eye piece A., and looks tlirough the opening B. at the object, say a land- 
scape, to be represented. By moving ttie pencil at C, which is made to press 
agiunst the paper on the board, the cross wires in the opening 6, may be 
made to pass over the outlines of the object, which wQl of course be repre- 
sented with perfect accnracy if the movement be sitilfully made upon tha 
board. By tnenns of a simple arrangement at the bottom, (he instrument 
may be made to stand firm on almost my siu'face, and the whole csn be 
packed in a e-mail compass. Mr. Chapin has taken out no patent, nor even 
pubhshed a description of what seems to me a very ingenious invention, en- 
abling a person, who has little or no skiU in obeei'ving, to take at least an 
accurate outhne of any object. The instrument need not cost but a small 
Eum, if there should be a demand for several- Mr. Chapin vill, if asked, di- 
rect any who moiy desire Ihem, to some one who can «oiutruet (item with 
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INSTaUMENTS FOR THE 




PentegraphU Dtlineator. 



Rem- With the newinstrutn«nU of bTestigntion above described, Inow go 
forth OH geulogical excursions witb a consciouanesa that I caa do more id one 
week than furmerl; ia two; and I almost eayjsaj youog fi-iends who are just 
entering the field, the facilitiea they will enjoy. 
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SIMPLE EUBSTANC&S in THE ROCKS. 



THE CHEMISTRY AND MINERALOGY OF GEOLOGY 

Descr Of the sixty simple substances hitherto discovered, six- 
teen constitute, by ttieir various combinations, nearly the whole 
of the matter jet known to enter into the compOBilion of the globe. 
They are aa follows, arranged in three classes, according to their 
amount; the first in each class being most abundant. 

1. Metalloids, or the bases of the earths and alkalies 

1. Silieium. 2. Aluminium. 3. Potassium, 4. Sodium. 
5. Magnesium. 6. Calcium. 

2. MetaJs Proper. 

\. Iron. 2. Manganese. 

3. Non-Metallic Substances. 

1 . Oxygen. 2. Hydrogen* 3. Nitrogen. 4. Carbon. 5. 
Sulphur. 6. Chlorine. 7. Fluorine. 8. Phosphorus. De la 
Bech^s Researdies in Theoretical Geology, p. 22. Amherst, 1837. 

Descr. The metallic substances mentioned above, nnited with 
oxygen, constitute the great mass of the rocks, consolidated and 
unconsolidated, accessible to man. Oxygen also forms twenty 
per, cent, of the atmosphere, and one-third part by measure of 
water. Hydrogen forms the other two-thirds of this latter sub- 
stance; and it is evolved also from voleanos, and is knowa to 
exist in coal. Nitrogen forms four-fifths of the atmosphere, and 
enters into the composition of animals, living and fossil. It is 
found also in ooal. Carbon, however, forms the principal part 
of coal ; and it exists likewise in the form of carbonic acid in the 
atmosphere, though constituting, only one thousandth part, 
Liebig's Organic Chemistry, p. 74; F^rst Amer. Edition, 1841, 
and it forms an important part of all the carbonates, and is pro- 
duced wherever vegetable and animal matters are undergoing de- 
composition. Sulphur is found chiefly in the sulphurets and sul- 
phates that are so widely disseminated. Chlorine is found chiefly 
in the ocean, and in the rock salt dug out of the earth. Fluorine 
occurs in most of the rocks, though in small proportion. Phos- 
phorus, is widely diffused in the rocks and soils, and abundant in 
organic rem^iue. 

Descr. Nearly all the simple substaneea above mentioned have 
entered into their present combinations as binary compounds; 
that is, they were united two and two before forming the present 
compounds in which they are found. The following constitute 
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nearly all the binary compounds of the accessible parts of the 

I, Silica, 2. Alumina. 3. Lime. 4. Magnesia, 5. Potaesa. 
6. Soda. 7. Oxide of Iron. 8. Oxide of Manganese. 9. Water. 
10. Carbonic Acid. 

Ob«. It is meant only that these binary compouads, fuid the sixteen simple 
Bubstanoeu that have been enumerated, constitute tlie liu'gest part of tlie 
known mass of the globe: lor many other binary compounds, and probubly 
all the known simple substances, are found in small quantity in tne rocks; 
but not enough to be of importance in a geological point of view. 

Descr. It has been calculated tbat oxygen constitutes 50 per 
cent, of tbe ponderable matter of the globe, and that its crust 
contains 45 per cent of silica, and at least 10 per cent, of al- 
umina. Potassa constitutes nearly 7 per cent, of the uustratified 
rocks, and enters largely into the composition of soma of the 
stratified class. Soda forms nearly 6 per cent, of some basalts 
and other less extensive nnstratified rocks; and it enters largely 
into the composition of the ocean. Lime and magnesia are dif- 
fused almost universally among the rocks in the form of silicates 
and carbonates, — the carbonate of lime having been estimated to 
form one-seventh of the crust of the globe; at least three per 
cent, of all known roclts aJ-e some binary combination of iron, such 
1 oside, a sulpburet, a carburet, &c. ; manganese is widely 
! per cent, of the mass of 



Deaer. The fbllowing table presents 


i an 


approximate estimate of the 


mean amount of metallic bases and of ox 


vgan . 


in some of the important rocks. 


PUUtip-s IVeatise on. Chologg. vol. 1, p 24. 




100 pai-te of Granite— 52 Metall 


b Basis 48 Osjgen. 


Basalt-B7 




43 


Gneiss— 53 




47 


" Cky Slate— 541 




48 


" Saudatone— 49 to B3 




47 to 51 


" Limestone— 52 




48 


Desar. The following table shows tJi 


e approximate amount of siliiia and 


alumina in tbe most important rooks. 






Granite, S9.40 Silica. 




ie,34 Alumina. 


Greenstone, 54.88 




16,5S 


Basalt, 53,00 




14,13 


Compact Felspar, 55,60 




ai,oo 


Gneiss, 10.W 




]5,20 


Mica Slats. 67,60 




14,36 


Hornblende Eoek, 54,86 




15,66 


TalGOse Slate, 78,16 




18,20 


See Db la Beeh^s Besearches in TheoTelieal 


' Gfology, p. 39 and 30.. .Also 




■r 8. 


K BeudcaU, Tome 1, p, 112. 


FaHs, 1830. 






Descr. Seven or eight simple 


minerals constitute the great 


mass of all known rocks. These 


are 


I, Quartii; 2, Felspar; 3, 
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POSITION or USEFUL MINEEALS. 59 

Mica ; 4, Hornblende and Augite ; 5, Carbonate of Lime ; 6, 
Talc, embracing chlorite and soapstone ; 7, Serpentine. Oxide 
of iron is alao very common ; but it does not usually show itself 
till the decomposition of, the rock commences. 

Obs. The atuilBnt of geology should become very thoronghly converfumt 
with these minerals in all their modifications: for ia the rodia their charac- 
ters are often very obseure. 

Descr. Other minerals forming rocks of small extent, or en- 
tering so largely into their composition as to modify their char' 
acter, are the following: siJphate of limE, diallage, chloride of so- 
diom (common salt), coal, bitumen, garnet, schorl, staurotide, 
epidote, olivine, pyrites. 

Vescr. A few of these minerals exist in so large masses as to be 
denominated rocks ; es. gr. quartz, carbonate of lime, &o. but in 
general, from two to four of them are united to form a rock ; ex. 
gr. quartz, felspar and mica, to form granite. In some instances 
the simple minerals are so much ground down, previously to their 
consolidation, as to make the rock appear homogeneous ; ex. gr. 
shale and clay slate. 

Descr. Water constitutes a part of nearij all rocks ; but in 
most cases it appears to he mechanically combined ; for with one 
or two exceptions, it does not exist in the simple minerals that 
enter into the composition of rooks, but in very small quantity. 

Oha. Id the simple mjaerals that have been enumerated, auaiyeis has da 
tect«d water only in the following. 

Sulphate of Lime (Gypsum), 19,88 per cent- 

Serpentine, 12,16 

Diallage, 8,20 

Talc, 4,20 

Pyrozeoe (a faw varieties), 3,71 

Mii^ 2,65 

Quftrfa, 1,63 

Hornblende, 0,66 

Geological Situation of Useful Rocks and Minerals. 

Prin. The rocks and minerals useful in an eeonomical point 
of view, are in a few instances found in almost every part of the 
rock series : but in a majority of cases, they are confined to one 
or more places in that series. 



Granite, Sytnile, and Porphyry : fouod intruded among all tl>a stratified 
rocks as high in the iertes as Uie tertiary strata ; but they are almost en- 
tirely oonfiqed to the hypoioLc rocks. De la Beehe'a Manual, p, 94. 

Oreenstone and Bauut are fauad among and overlying all the bypoiolc and 
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B6 posiTfON OP COAL 

loisilif^roaB rocbs; but they are mastl^ connected with the latter. ili3i> 
eulloeh't Si/aifm of Geology vol " p 1 0'2. 

lava, some var t f wh I as Peptrino, are employed in tio arte, 
being the prodiiot f od iLaQ ia found oceasionallj overlying every 

rock ill lie aerie?. 

Clay; the oomm as d for briaks, earthen ware, pipes, Ac, oc- 

cur afmoBt exeluB ly h t t y and alluvial eti-ata. Porcelain clay 
results from the d eomp t f g anite, and 13 found iu cooueotion wilh 
thikt rosk. 

Marl, at a mixt f b t f lime aod clay, is confined to the allu- 
vial and tertiary at t and diff from many varieties of limeBtone, on]y 
f n not being consol d ted 

lAmeatone, from wl h y ty of marble, one variety of alabaster 

nnd every sort of q kl m blained, is found in almost every rock, 

stratified and unst h d, bel w d f In the oldest stratified pooka and in 
the nnstratified, it is highly crystalliuB ; and in the newest strata (ex. gr. 
chalk) it is often not at all oryatalline. The most esteemed marbles are ob- 
twned from the newer hypozoic and older fossiliferous atrata. 

Serpentine occurs chiefly iu connection with the older atrntitied roclta. 
This IS generally the case in N. England. It is found, however, with some 
secondary rooks, and not unfrequenlly with trap rock. 

Sidphate nf lAme, or Gypmm, whieb produoei one variety of alabaster, 
and ia employed Fen' taking casts, furmin" hard mortar, and spreading upon 
land ia the state of powder, occura chiefly in the new red sandstone series. 
It is found also in the lias, oolite, green simd, and tertiary strata. In this 
counti'v it is found associated with the paleozuic rocks. 

Rock Salt {Chloride of Sodium) is frequently found aasooiated witb gypsum 
in the new red sandstone. It occura also in the superccetaceous or tertiary 
strata; as at the celebrated deposit at Wieliozka m Poland, and in Sicily, 
and Cardooa (Spain), in cretaceous strata : in the Tyrol, iu the Oolites ; and 
iu Durham, England, salt aprings occur in the coal tormatioo. In the United 
States they issue from the Silurian rocks. Buekland's Bridgetealer Treaiite, 
vol !, p. 73. De la Beehe's Manwal, p. 246, 

J}etcr. If vegetable matter be expoaed to n certain degree of moisture and 
temperature, it is decomposed into the subatance called j)eal, whieh ia dug 
from swamps, and belongs to tbo alluvial formattnu. 

Lignite or Browa Goal, the most perfect variety of which is jet, is found 
ohiefly in the tertiary strata; sometimes in the higher secondary ; and ap- 
pears to be peat which has long been buried in the earth, and has under- 
gone certain chemical changes, whereby bitumen has been produced. It 
generally exhibits the vegetable stnicture. 

Bitumino-ua Coal appeal's to be the same substance which haa been longer 
buried in the earth, and has undergone still farther changes; though their 
precise nature is not well known. Its principal deposit is in that part of 
tlie paleozuio series called the coal formation, or coal measures. But it oo- 
cura in small quantity in the now red-sandstone series, in England. Poland, 
and Massachusetts : and In Scotland it is worked in the lias Umeatone. A 
thick bed of it has also been found in the plastic clay of the tertiary strnta in 
Hesse. Conybearis Report (1832) on Geology to the British Aesocialiort, p, 
230. Also, Philosophical Magazine, voL 2, Ifeio Series, p. 101 and 108. 

Deser. Anthracite ia bituminous coal that has been deprived of its bitumen, 
nsoally by heat The anthracite of Pennsylvania, of enormous extent, is in 
the true coal measures , and it ia a curious fact that as we pass westward, — 
that is, recede from the metamorphic and unstratified rocks of the Atlantic 
coast, the quantity of bitumen inoreaaea ; so that within a few hundred miles. 
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Dsacr. The Bnthracite of Rhode Island and of MaBsachiiaetts, is in wiia* 
may be called a metamorphie Coal Meld: that is, ttie fltrata have been more 
acted upon and hardeued by Iient than is UBual. In Bbixle Island and in 
Bristol county in MaBsachusetls, the fossil reniaina are still found ; but in 
Worcester, where the bed of coal is seven feet tHok, no trace of fossil vege- 
tables has been, discovered ; ajid the rocha are considerably hardeoed and 
crystalline. The coal also is much more atony and is partially changed into 
plumbago. 

Graphile, Plumbago, or Black Zead, appears to be anthracite whioh baa 
undergone still farther mineralization : at least, in some instanced, when coal 
has been foaad coatiguous to igneous rooks, it is converted into plumbago ; 
and henee such may have been the origin of the whole of it. In the il[>s, 
plumbago is Ibund in a cky slate that lies above the lias. Annalei dea Scieiieei 
Natrtrellex. fonie IS, 182S, p. 877. It is found also in the coal formation. 
Traite Etemejitaira de Mmeralogie par F. S.Beadanl, tome 3, p. 263. 

Descr. All the varieties of coal tliat have been described, occur 
in the form of seams, or beds, interstratified with sandstones and 
shales: and moat usuallj there are several seams of coal with 
rooks between them; the whole being arranged in the form of a 
basin. Fig. 38, is a sketch of the great coal basin of South 
Wales, in Great Britain; which contains twenty-three beds of 
coal; whose united thickness is ninety-three feet. When we con- 
sider how much this arrangement faciiitatea the exploration and 
working of ooal, we can hardly doubt but it is the result of Divine 




Des The Diamond wh h s pu e ; 
been to nd a-^o ated w h new ed s nds on at G-oI onda, India, 
and with taJcose slate in Brazil Both tjiese rock' have been sub- 
ject lo high heat, and hence perhaps the crystallization of the car- 
bon. Erhniuigh Journal of Science, vol 10 p 1S4 Cony- 
beare'i Report o)i Geology, p. 395 and 398. In general, the 
diamond is found in drift ; having been removed from its original 
situation ; and we may always presume that every mineral existing 
UL the older rocks will be found aleo in drift ; because their detri- 
tus must contain them. 
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68 THE METALS, GOLD, PLATIKUH, ETC. 

Inf. It has been inferred from the preceding facts, that all the 
varieties of carbon above described, had their origin in vegetable 
matter; and that heat and water have produced all the varieties 
which we now find MaccullocKn System of Geology, vol. 2. p, 
297. 

Almost all tlia preoiiius Btonr-s, such as the sapphire, emerald, apioel, 
chryaoberyl, clipjsopraae, topiii. iolite, garnet, tourmaline, <tc, are fi>uad ex- 
elusLvely m the oldest and most erystailme rooka Quartz in the varioas 
forms of rock crystal, ehaleedouy, earoelian, oaahuloog, sardonyx, jasper, Jis., 
ia found sometimea ia tha seGoadai-y strata, and especially in the trap roclca, 
aaaixdated vi<h the secaudary furmatloas. 

Descr. Some of the metals, as platinum, gold, silver, mercury, 
copper, bismuth, &o. exist in the rocks in a pure, that is, metallic 
state; but usually they occur in the state of oxides, sulphurets, 
aad carbonates, and are called ores. It ia rare that any other ore 
is found in suf&cient quantity to be an object of exploration on a 
large scale. 

Descr. These ores occur in four modes: I. In regular inter- 
stratified layers, or beds. 2. In veins or fissures, crossing the 
strata and filled with ore united to some gangue or matrix, 3. In 
irregular masses. 4. Disseminated in small fragments through 
the rocks. 

De^cr. Iron ia the only metal that is found in all the formations 
in a workable quantity. Among all its ores, only four are wrought 
for obtaining the metal : viz. the magnetic oxide, the specular or 
peroxide, the hydrated peroxide, and the proto- carbon ate. 

Maugaaeaa occurs in the state of a peroxide and a hydrate ; — and ia con- 
fined to the hypozolo rocks; except an unimportant ore called the earthy 
oxide, which exists in earthy deposits. 

The moat important ores of copper are the pyritoua copper and Che car- 
bonaUs. These are found in the hypozoic rocks, and aa high in the secondary 
aeries aa the new red sandstone ; in oue instance in tertiary strata. Wondert 
of Geology, vol. 2, p. 651. 

The only ore of lead of much importance ia the aulphnret. Thia generally 
occurs in the hypozoic rocks both stratifi^ and unatrutjfied; bulit exists also 
in the Dewei^ rocka as high in the series ae the lias. 

The deutoxide of tin ia the principal ore of that metal This la most com- 
monly found in the oldeat formations of gneiss, granite, and porphyry ; also 
in the porphyries connected with red sandstone. It is found likewitw io 
quantity simcient to be wrought m drift. 

Of Kinc the moat abundant ore is the sulphuret, which ia commonly aaao- 
•nated with the sulphuret of lead, or galena. Other valuable ores are the 
carbonate, silicate, and the oxide, which occur in secondary rocks. 

The most common ore of antimony, the sulphuret, has hitherto been found 
chiefiy in granite, gneiss, and mica slate. 

The principal ore of mercury, the sulphuret, ocoi)ra chiefly in new red 
sandstone; sometimes in a sort of mica slate. 

^Iver in its three forms of a sulphuret, a sulphuret of silver and anti. 
tasmj, and a chtoiide, has been found mostly in hypozoki and tr~~"' 
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Elites ; — sometinies iu a. member of the new red eandatone series ; and ia one 
instance in tertiary strata. Wotidern of Geology, vol. 2, p. 651. 

Gold and ptatmiim always occur ia a metallic slate ; andtUeyliave usually 
been explored ia clrifl. Thej are often SBSoeiated, liowever, with the older 
roelis -, and in this country especially, a gold ijeposit bss been traced froni 
Oanada to the southern part of Qeorgia, and the metal is embraced in the 
taleoae slate fbrraation, ia -mns, usuall? of quarts. 

The aame is the case in Califumia ; ulthotigh eruptive roeks are there more 
common. I believe it is iu similar formations iu Australaeia, In Russia it 
ts more uanally found in the ernptive rocks, tboagh sometinieB in the asso- 
dated metumorpliio strata, among M'hich is taleose ebite. Miwihiton's 
Oeiilogy of Russia, vol. 1. p. 413. See also Ansted'i Gold Seeke/a Mamml, 
Neic York, 1849. 

CobalC, bismuth, ai-senic, &e. are usually found associated with silver, or 
copper ; and of course occur in the older rooks. . The other metals, which, o 
ftcoount of theii- small economioal value, and mini ' 
Hary to partioulariae, are also found in the older St 
seminated, or in small insulated masses. 

Obs. An excellent and much more extended vie 
tion of useful minerals, may ba found in Beudiin 
Miaeralogie, Thaie pTemier, Livre Quariieme: Paris, 1830. See also .4n- 
^ed!s Geology, vol. 2. iowioB, 1844. Also Geologic applique aiKu Arts ei oP 
Agricjdtare.fr-ym M. M. L. D' OrUgny et a Oente, Paris, 1851. 

Inf. It appears from the facts that have been detailed respeoii- 
ing iJie situation of the useful minerals, that great assistance ia 
searching for them may be derived from a knowledge of rooks and 
their order of superposition. 

Mlus. So geologist, ibr instance, would expect to find valuable beds of coal 
in the oldest crystalline rocks, nor in the ternary strata; but in the fossilif- 
erous rocks alone ; and eveo here, he would have but feeble expectatioas in 
any other rock except the ooal formation. What a vast amount of unneces- 
sary expense and labor would have beeu avoided, had men, who have 
searched for ooal, been always acquainted with this prineiple, and able to dis- 
tinguish the different rocks I Perpendionlar strata of mica and taloosa slate 
would never have been bored into at great espenee, iu search of coal : nor 
would aohorl have been miatakeu for ooal, as it baa been I 

By no mineral substance have men been moi-o deceived, than by iron 
pyrites ; which is very appropriately denominated fools' gold. Wheo in, a 
pure state, its resemblance to ^Id in color is often so great, that it is no 
wonder those unacquainted with minerals, should suppose it to be that 
metaL Yet the merest tyro in mineralogy can readily distinguish the two 
suhatancea ; sinoa native gold is always maileabl^ but pyrites cevei". This 
latter mineral ia also very liable to decomposition, aod such changes are 
thereby wrought upon the rooks eontaiuing it, as to lead the inexperienaad 
observer to im^ne that he has got the clue to a rich depository of mineral 
treasures ; and probably nine out of ten of those numerons encavations that 
have been made in iihe rocks of this country, in search of the predous 
metals, had thdr origin in pyrites, and their termination in disappointment, 
A not poverty. This ore also, when decomposing, sometimes produces con- 
siderable heat, nud causes masses of the rook to separate with an explosion. 
Hence the origin of the onraerous legends that prevail respectiug lights seen, 
and sounds heard, in the mountain where the supposed treasure lies, and 
wliich so strongly confirm the ignorant in their expectation of finding mineral 
treasures. Sow all this delusion would be dissipated iu a moue4t were tha 
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60 ALLUVIUM. 

(Tfe of a geologist to r^st on such epotE, or were the elementary prJDciple* 
of geology more widely diffused in the oommunily. 

Anotlior common deltBion reapects gypsum ; wfaioli is as often souglit 
among the hjpozoio, na in the eeoondH^ and tertiary rocks : although it 19 
doubtful whetlier gypsum has ever been found ia the former. A few years einee, 
however, a ^rmer in this country supposed that be had diaoovered gypsum 
on his farm, and persuaded his neighbors that such was the ease. Tht;^ 
bought large quantities of it Ri>d it was ground for agriculture, when ncel- 
dentally it was diaoovered that it was only limestone : a laat that might have 
been delermiued in a moment at first, by a single drop of aaid. 

Cation. It ought not to be inferred from all thikt Las been 
said, that because a mineral substance has been found in only 
one rock, it exists in no other. But in many eaaes we may be 
almost certain that such and such rocks cannot contain suob and 
snob minerals. Of these cases, however, the practised geologist 
can alone judge with much correctness, and hence the importance 
of an extensive acquaintance with geology in the community. An 
aujount of money much greater than is generally knowoj has been 
expended in vain for the want of this knowledge. 

Obi. The chemical changes which roclte have undergone since their depo- 
ution, as well as the operalion of decomposing agents to which they are now 
exposed, properly belong to the chemistry of geology. But these points 
will be deferred to subsequent sections ; becaase they wiU there ba better 
understood. 



SECTION III. 

THE LITHOLOaiCAL CHARACTERS OF THE STRATIFIED EOOKB. 

Ikf. The litkological character of a rock embraces its mineral 
composition and structure as well as its external aspect, in distinc- 
tion from itii zoological and botanical characters, which refer to its 
organic remains. 

Descr. The rocks will be described in a descending order and 
under the names given in the first column of the synoptical view 
of the different systems of classification appended to Seotion I. 
These Formations are, also, united into the following Groups 

1. AUuvium. 2. Tertiary. 

3. Secondary. 4. Palaeozoic. 

5. HypOKOio, Primary, or Metamorphio, 

Tke strft^ed Boeki only ar« inolnded in this sories, 
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I. ALLuvruM. 

Descr. The greater part of this deposit, consists of loam clay, 
Bftud, and gravel, wbich have resulted from the comminuting, 
rotmding, and sorting actioa of water, and hence it is called Allu- 
vium, from AUuvio, an inundation or aliuo, to wash. Other 
agencies, however, that have operated simultaneously and in con- 
nection with water, have produced other varieties of rock, properly 
denominated alluvial, because formed under smiilar circumstances 
and during the same geological period, 

Descr. In this work Alluvium embraces the deposit called 
Drift ; because I know not how to separate the water worn depos- 
its of sand and gravel with, occasional boulders, from that coarser 
mixture of the same materials, in whose production ice seems to 
have been concerned as well as water ; and which seems to me to 
have been only the first link in a conuect«d series of processes yet 
in operation. 

Descr. The Alluvial has been a long period. According to my 
own observations for a few years past (the results of which I hope 
ere long to give to the public), the period admits of the following 
sub-divisions ; which are, for the most part, of a chronological 
character. 

Historic, or Recent Period : 

The Terrace Period : 

The Beach and Osaar Period : 

The Drift Period. 



A description of these 


several staees in the alluvial formation 


is reserved for Section VI. 


Descr. Considered lithologically. Alluvium embraces the follow- 


ing stratified deposits : 




Soil. 


Siliceous Marl, or deposite of the akele- 


Clay. 


tons of Infusoria. 


Sand. 


Bitumen, 


Peat. 


Sulphate of Lime. 


Marl. 


Hydrate of Iron. 


Calcareous Tufa, 


Bog Manganese. 


or Travertin 


Chloride of Sodium (Sea Salt). 


Coral Reef 


Sandstones, Conglomerates, and 


Siliceous Sinter. 


Breccias. 


Prin. Soil is disintegrated and decomposed rock, with such a 


mixture of vegetable and 


animal matter that plants will grow in it. 



Proof. 1. We lee olmuBt everywhere the rocks crumbling down into wuL 
S, Chemical onolyii) ahowi thiit the loila ara compoud generally of wlica, 
■iumiiu, lima, magOMia and iroD, in about tht iiime proportiMi a* they ara 
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found in the rocks. Silica is much the most abundant ingredient. 3. Tlia 
presence of organic matter ia easily proved by burning it off. 

Olay differs from sand ia two rBspeets ; 1. tlie materials Lave been re- 
duced to a mnoli finer state than eand: 2. It oontaiue much more alumioa. 
This probably results from tiie fiict that, in genevnl, aluuiinous minerals and 
rooks ai'e moi^e easily reditaed to on impalpable powder th]iii siliceous ; and 
when so reduced, water can more easily take up in euspeusion the finer parts, 
and thus will it separate raore or less the eilioa and tlia alumina. Clay must 
ba formed iu watei' that has little niolion. Tiie mud of our preaeut rivers 
has in it loo much of organic matter to form such pure clays as we find in 
the tertiary strata, or gven in more recent depoats. 

Descr. Vast aooumulationa of sand, the result of alluvial 
agency, occur not mei-ely in t!ie bed of tlie ocean and in lakes, but 
also upon the dry laud, wtere they ate called dunes or dozvns. 
These are composed almost entirely of silica ; and being destitute 
of organic matter, cannot sustain vegetation. 

Descr. The manner in which peat is formed has already beea 
explained in general terms. (Section II.) When perfectly 
formed, it ia destitute of a fibrous structure, and is, when wet, a 
fine black mud : and when dry, a powder. It consists chiefly of the 
decomposed organic matter called ^ejM^ or humic rtcw^,with crenie 
and apocrenic acids, phosphates, &g,, part of which are soluble, 
and a part insoluble, in water. These deposits of peat are some- 
times 30 or 40 feet thick ; but they are not formed in tropical 
climates on account of the too rapid decomposition of the organic 
matter. 

Descr. Alluvial marl is usually a fine powder, consisting of 
carbonate of lime, clay, and soluble and insoluble geine ; and is 
found nsuaUy beneath peat in limestone countries; sometimes at 
the bottom of ponds. It is produced partly by the decay of the 
shells of molluscous animals, and partly by the deposition of the 
carbonate of lime from solution in water. It contains numerous 
small fresh water shells, and has received the name oi shell ma^l. 
' Method of detecting cateareous marl. The great ralua of this substance 
agriculture, and t^e confusion that prevails in its dcEcription, render 
dcairable to point out a test by which it cnn be distin^ished. That test 
an acid of some sort, the common mineral acids, oil of Titriot, aqua forljs, and 
muriatic acid being the best ; but strong vmegar will answer. If the sab- 
Btauce efiervesce, when the aeid is applied, we may be sure that it is genuine 
marl : otherwise not. 

Other Mnda of marls. Several other substances that contain no carbonate 
of lime have often been denominated marl by ngrlculturistB and not without 
reason; for tbey have produced effects aaalogous to those ot calcareous 
marl. But it seems very desirable that terras should not be applied too 
loosely, and I propose the following designations for these substances : 

Oalcareous marl : that which contains carbonate of lime in any quantity. 

Siliceous marl .- that m which silica predommates, and no caloareoua matter 
ia present. 

AUmainotis marl : that in which clay predominates, and no calcareoo 
matter is present. 
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TRAVERTIN AND SIKTER. 63 

Oreen land marl : that wbi«b contaias greea aanii This is the lubetanM 
tlmt boa been of Iat« emplojed witb BiKtml succees aa a fertilizer of load in 
New Jeraey, Vii-ginta, Dalawnre, Ac. If jl contain any carbonate of lime, tie 
eompouod term Caleareo-gTeen land marl, miglit be employed. 

Method of searching far alluvial marl. The presence of matl beneath a 
peat W can be deteimined with a good degree of oertaiiity, by plunging a. 

Cle, — flie rougher the better, through the peat, until it reaches the solid 
ttom of the morass ; and. on withdrawing it, some of the marl if anj exist, 
vill adhere to the surface ; though a coating of the black mud may cover it. 

Descr. Calcareotts tufa or taverlin, is a deposit of carbonate 
of lime, made by springs containing that substiince in solution. 
It forms a solid limestone, sometimes even crystalline, and of con- 
siderable extent ; so as to be used for arcbiteetural purposes. 
Thermal waters produce it most abundantly, aa iu Central Franee, 
Hungary, Tuscany, and Campagna di Roma j but it is also deposit- 
ed by springs of the ordinary temperature, as at Saratoga and in 
the Apennines. Dr. Dauheny's Report on Mineral and Thermal 
Waters, p. 56. London, 1837. Also De la Beclte's Marnial of 
Geol. p 158. Also LyeWs Prin. Geol. vol. 2, p. 198. Tavertin 
is also precipitated by rivers,- as in Tuscany ; and at the mouths 
of rivers on the coast of Asia Minor. Jji/eWs Prin. Geology, vol. 1, 
p. 397. Very similar are the coueietionary calcareous deposits 
formed in caverns: those depending from the roof are called 
stalactites, and those on the floor, stalagmites. 

Descr. Coral re^s are extensive deposits of carbonate of 
lime, formed by myriads of polyparia, or radiated animals, in 
shatlow water, in the south seas. They form the habitations of 
these animals : and of course are organic in their structure. 

Descr. Siliceous sinter, or tufa, is a deposit of silica, made by 
water of thermal springs, which sometimes hold that earth in solu- 
tion. Successive layers of sinter and play frequently occur, and 
these are sometimes broken up and recemented so as to form 
breccia. 

Descr. Siliceousmarl, or the fossil shields of infusoria. Beneath 
the beds of peat and mud in the primary regions of this country, a 
deposit often occurs from a few inches to several feet thick, which 
almost exactly resembles the calcareous marl that is found in the 
same situation. When pure, it is white and nearly as light as the 
carbonate of magnesia ; but it is usually more or less mixed with 
clay. It is found by analysis to be nearly pure silica ; and it 
turns out to be almost entirely composed of the siliceous shields, 
or skeletons, of tliose microscopic animals called infusoria, or 
animakula, which have lived and died in countless numbers in the 
ponds at the bottom of which this substance has been deposited. 

Rem. The discovery of this curious fact (concerning which more will be 
aaid in a subsequent section), in relalioo to this couuti-y, waa made by Prof 
Bailey of West Puint Amtrican Journal of Stimti, toI. Si, p. 118. Ana 
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logons aubataaiies ixent in Europe ; and tbe most of that just described, ap- 
pears M ba identical with the Sergmehl of Piof. Ehrenbarg, 

Descr. Some spriogs produce lari;e quantities of bitumen in the 
form of naptLa and aspbaltum. Their localities and extent will 
b« described in a subsequent section. 

Descr. Although sulphate of lime very generally exists in the 
waters of springs, jet it is rarely deposited. One or two examples 
only are mentioned, where a deposit of this salt has been made : as 
at the baths of San Philippo in France. Xle la Beche's Manual, p. 
158. It was probablyformed by volcanic action beneath the ocean. 

Deicr. Hydrate of iron or bog ore, is a common and abundant 
deposit from waters that are capable of holding it in solution ; and 
it appears also, that this ore is often made up of the shields of 
infusoria, which are often ferruginous. Wonders of GeoUigy vol. 
2. p. 660. 

Descr. Bog manganese, also, by a somewhat similar process, is 
frequently deposited in the form of the earthy oxide, or viad, in 
low grouods : and it can hardly be doubted but it is an alluvial 
product^ Report on, the Gedogy of Massachusetts, 2d Edition, 
p. 130. 

Descr. Chloride of sodium or rock salt, is very rarely deposited 
from its solution in water so as to be visible, though some have 
supposed that this deposition does take place extensively at the 
bottom of such seas as the Mediterranean. It is said, however, to 
accumulate in some of the cavities of the rooks along the shores of 
the Mediterranean, in such quantities as to be collected by the in- 
habitants. 

Rem. Rev. Dr. J. Perkios, American Migsiooary at Ooroomiah, in Peraia, 
states that the oomtuon opinion among the people on the shores of Lake 
Oorooniiab. ia. that frequently it deposits salt upon its bottom. At any rate, 
there is a pond at Oavalan, on the shore of the lake, and separated front it by 
a narrow saud bank, whose bottom is covered by beautiful white salt, three 
or four iuohea thick near the shore, and four or five feet thick in the middle, 
liia pond covers from 75 to 100 acres. 

Item. 2- The waters of lake Elton in Asiatic Rueaia, and of other lakes ad- 
joining the Caspian Sea, have deposited thick beds of rock salt at their 
bottom. Daaboi^a Jifport on Mineral and Thermal Waterifor 1886, p. 7. 
The sajne is true of lake Iddersk on the steppes of Siberia Ur^i Gtiiogy, 
p. STa, Also of lake Bakr Ainal in Ethiopia. LyelVt Man. of SI. Otoi. p. 
396, 4th Edition. Also in Pataj^uia. Darain'a Qeol Obaer. on America, p. 
74.— 1846. 

Descr. Alluvial sandstone, conglomerate, and breccia, are 
formed by the cementation of sand, rounded pebbles, or angular 
fragments, by iron, or carbonate of lime, which is infiltrated 
through the mass in a state of solution They are not very eora- 
mon, nor on a very extended scale. 

lief. When sand is cemented, tha solid mass is called sandstotu: 
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DaiFT OR DILUVIUM. 65 

rounded pebbles produce a conglomerate or plum pudding stone : 
and angular fragments, a Itreccta. 

Def. The varieties of allurium, that have been described may 
be regarded as a formation in the geological sense ; and the period 
during which such a group is in the progress of deposition, that is, 
until some important change takes place in the material or mode 
of production, is called a geological period ; and the point of time 
vfhen the change occurs, is called an epoch. 



Rem. Owing to the diversity of opinion that haa prevailed 
respecting the origin of this deposit, it has received various names, 
such as diluvium, bowlder formation, erratic block-group, ^c. 
The terra diluvium is objectionable, because it implies that its 
origin was the deluge, or some deluge, tlie very point to be proved. 
Drift is a better term, because short and free from hypothetical 
allusions. 

Rem. 2. Under Drift geologists have included a great amount 
of deposits of gravel, sand, and clay, which, although perhaps 
originally drift, have been subsequently modified by aqueous 
agency. In this work the attempt will be made to exclude from 
the deposit all those detrita] accumulations which show the modi- 
fying action of water, subsequent to the original production of the 

Def. A Bowlder is a loose block of stone larger than a pebble, 
and either rounded or angular. 

Descr. Drift is a mixture of abraded materials,— bowlders, 
gravel, and sand, — blended confusedly together, and driven me- 
chanically forward by some force behind. Yet in some places 
there are marks of stratification or lamination as if water had 
been concerned in the work of deposition. 

Examplei. 1. Tbe Moraines of a glacier present un ezceltent type of Drift] 
except perhaps that in tliia oountry the latter shows more evidence of lami- 
nation in portions of the ileposiL 2. Tbe accumuUtiona produced by moun- 
tain sliilee, iiitb the same exception. 3. The same bj lu'ge icebergs, so fur 
US they act within sight. 

Descr. Drift is distinguished from the tertiary by lying always 
above it; and by the absence of organic remains; and from modi- 
fied drift, by always lying beneath it, and being less comminuted. 

Descr. Modified ctrift is not only atratifled and laminated, but 
sorted also^ the size of tbe fragments thus selected, depending 
upon the force of the current that did the work. Drift is usually 
not sorted ; sometimes it is so in particular places. 

Rent. It mast be confessed that it is nearly impossible to draw 
a line of distinction between drift and modified drift. For ia 
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many plaoee we fiad large bowlders bedded in hills of land, wbiob 
Beems to show that while water waa active in comminuting and 
sorting the materials, the agent that transported the bowlders was 
Btili in operation; and the mind is led naturally to the oonclusion 
that the whole series of changes exhibited in the superficial de- 
posits since the tertiary period, has been the result of the same 
agencies more or less modified. But more of this in Section VI. 
Descr. The Bowlders so characteristic of drift are sometimes 
seen insulated upon other rocks, and so eqiially poised, that a small 
force will make them oscillate, though weighing many tons. They 
are called Rocking jS"' 

Fig. ea, exhibttE 




in Fall Rirer, Masa., poised upon grwiite. and 
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De»CT. Many of the moat valuable of tlie precioas stones and 
metals are found in drift ; such aa the diamond, the sapphire, the 
topaz, the ruby, and the zircon ; as well as platinum, gold, and tin. 
Platinum, gold, and the diaraond are explored almost escliiaively 
in this formation. Tableaux des Terrains, p. 1 13. 



{Supercretaceous Group of De la Beche. Cainozoic Period, 
Rogers.) 

Historical Jiem, Until the publioatioD bj Cuvier and BruQgniart of their 
memoir oa the tertiarv strata arouad the city of Paris in 1810, these forma- 
tiona were confound ed with alluvium. Sinca that period, other similar de- 
posits bare been studied with diligence aud sueceas ; anil it is founil that ter- 
tiary strata occupy more tbaa half the surface of Europe; and in thia coun- 
try they embi'aae much of tbe level region in the eaatern part of the middl« 
and southern Btatee. 

Descr. The tertiary rocks have been divided into four distinct 
groups of marine strata, distinguished by important peculiarities 
in their organic remains, and separated from one another, by strata 
irhich contain fresh water and terrestrial remains. Buckland's 
Sridgewater Ti-eatise, vol. 1, p. 76. 



Ran. Marine strata are easily distinguished from thoee of fresh water 
-"-'u, bvtheooeurrence in the former <* * ' •■ . ■■ 

le latter of those peculiar to fresh v 



origin, by the occurrence in the former of animals peculiar to the ocean, and 



Descr. Mr. Lvell has divided these strata into four groups, to 
which he gives the names Eocene, Miocene, and Older and Newer 
Pliocene. In the first, the number of sheila identical with living 
species ia very small, only 3.5 per cent. In the second group, 
reckoning upwards, it is 17 per cent. ; in the older pliocene, 35 to 
50 per cent., and in the newer pliocene, 90 to 95 per cent. And 
by thia character are the groups distinguished. LyelVs Ekmenti 
of Geology, vol. I. p. 280. Other geologists object to these 
characters as too indefinite. De la Becky's Theoretical Geology, 
Chap. xvii. Phillips' Edinburgh Treatise on Geology, ■p. 180. 

Descr. The tertiary rooks are in general distinctly stratified, 
and the strata are usually horizontal. In some cases, however, (as 
in the Isle of Wight and at Gay Head,) they are inclined at a 
large angle, 

Prin. All the stratified rocka appear to have been orig^ally 
deposited from water. 

Proof, llie manoer tu which the iogredients of these rocks are arranged, 
viz. ia parallel attakxi and laminie, is precisely like that of the subaqueous 
deposits which are now forming in many localities, so that these latter need 
only to be hardened iata stone, (when they are not already consolidated,) 
and in some euacs rendered more crystalline, in order to be converted into 
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the former. And hy no other agent that we knotr ofi by which rocks are 
fbrmed, is a atmtitied and schistose an'ongement produced Again, the ma 
teriats composing these stratified rocks, tiz. olay, sand, and enrbonale of 
lime, are very eimilar to those deposits wliich water !3 now producing. And 
further, the organic remains wliioh many of these rocks contain, can be ac- 
couut«dfar only on the supposicioD that the rocks enveluping tbem were de- 
posited fromwalfir. 

Descr. Rocks are deposited by water in two modes : first, as 
mere sediment, by ita mechanical agency, in connection with 
gravity : secondly, as chemical precipitates from solution. 

Def. The first kind of rooks is called mechanical or sedimentary 
rocks ; the second kind, clie?nical dopants. 

Descr. As a general fact, the lower we descend into the rook 
series, we meet with less and less of a- mechanical and more and 
more of a chemical agency in their production- The hypozoic 
stratified rocks ba,ve generally been regarded as destitute of every 
mark of a mechanical origin except their parallel arrangement; 
but in fact, the greater part of them are made up of the fragments 
of crystals more or less worn and cemented together. 

R(m. I possess specimens of mica slate, talcose shite, mid quartz rock, 
from various parts of New England, which ni-e made up of fragments as dis- 
tinctly rounded by attrition, as those of aay fosailirerous conglomerate; and 
thcfe pebbles are cemented by similar materials in a finer state. Most of 
these specimens are associated with highly inclined strata of the oldest rocks 
in New England, They are good examples of wliat are called metmnoTphic 
roekt. Pkillipi Geology, p. 15. 

Desc7: In the fosailiferons rocks we sometimes find an alterna- 
tion of mechanical and chemical deposits; but for the most part, 
these rocks exhibit evidence of both modes of deposit, acting simitl- 
taneously. 

Rem. It isdifficult to conceive how any rock can be consolidated without 
more or leas of chemical agency, except perhaps in tbat imperfect consolida- 
tion which takes place in argillaceous-mixtures by mere desiccation. Even 
in the coarsest conglomerate there must be more or less of chemical union 
between the cement and the pebbles. 

Descr, In the tertiary rocks a mechanical agency decidedly 
predominates ; nevertheless, several beds are the result of chemical 
precipitation ; as gypsum, limestone, and rock salt. 

Descr. The varieties of rocks composing the tertiary strata are 
concretionary, bifaceous, argillaceous, and siliceous ; or limestone, 
marl, plastic clay, siliceous and calcareous sands, green saad, gyp- 
sum, lignite, rock salt, and buhratone. 

3. SECOND ATI Y ROCKS, 

JDe/. Under Secondary Rocks are included all those from tho 
Tertiary downwards to the base of the Trias, or Upper Now Ked 
Sandstone. The Cretaceous System is considered as the Newer 
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Secondary; the Wealdeo, Oolite, and Lias, as the Middle Second- 
ary; and the Tr!a,ssic System as the Older Secondary. 

1. Cretaceous System. 

Descr. In Europe this formation is usually eharacteriaed by 
the presence of chalk in the upper part, and sands and sandstones 
in the lower. In this cpuntry, chalk is wanting; yet it seems 4« 
be well estahlished that the Ferruginous sand formation is the 
equivalent of the ohalk formation of Europe. Dr. Morton in 
Journal of Academy of Natural Sciences, vol. vi. Also Ameri- 
can Journal of Science, vol. svii. p. 274, and xviii. p. 243, and 
ixiv. p. 128. 

Desa: The cretaceous system is thus arranged hy Dr. Fitton, 
leaving out the Wealden, which, in this work, is regarded as a dia- 
tinct formation. 

( Upper, 

Chalt. i Lower, 

/"Marly, 

( Upper Green Sand, 
Oreea Sand, i Oault, 

( Lower Green Sand. 
Obiemaiioni on lome of the Strata bttaeen the OhaSk and Oxford Oolitt in 
the South East of England, by W. H. Fittoa, p. 105. London, 1838. 

Descr. Chalk is a pulverulent carbonate of lime, and its varie- 
ties have resulted from the impurities that were deposited with it. 
The upper beds are remarkable for the great quantity of flints dis- 
persed through them, generally in parallel position. 

Descr. Green, Sand is a mixture of arenaceous matter, with a 



peculiar green substance greatly resembling chlorite, or green 

Oompotitiim. Green sand has been analyzed with much tare by eeTinal 

distinguished ohemiata witii the following results : 

FVench Oreen Sand. Englith Do. Maiaachutetti Do. If. Jersea, I)a. 
ByM. By Prof. By Dr. S. By Frof. H. 

Berthier. Tamer. L. Dana. D. Rogera." 

Silica, GO.O 48. G 66.700 40.21 

Protoxideoflron, 31.0 23.0 20.100 24.81 

Alumina, 1.0 110 13.320 7.11 

Water, 11.0 7.0 7.000 6.91 

PotaHsa, 10.9 traces B.9B 

Lime, 1,624 6.08 

Mugaesia, 8,S 1.116 

Manganese, traces and loss^O.OSO 

See Dr. Htlon on the Slrala beloa the Chalk, p. lOB. Also, Prof. H. D. 

Rogeri Report o» ike geological Survey of ifeiii Jertey, p. 74, et teq. Also 

Rnal Report on the Otology of MaatacA-aietii. 
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XTu of Green Sand. Thia aubatftnca baa been npjjKed witlun a fear y«in in 
tbia country with gi'eat aucceas oa a maaQre, especially in N. Jeraey. If iti 
fertilizing power deppnds on the pntnsaa alooe, the Enfiliali and Maasacliu- 
setta deposits would be of no raloe ; but if, aa some auppuae, the oxide of 
iron and tbe other ingredienta aaeist in this reapeet, it may prove of great 
impartacce. 

J}eitr. Chadt or Gait, is s provincial oame for a blue clay oc marl, form- 
ing aa iuterstratified bed in the green siuid of EnghaiL 

2. Wealden Ibrmation. 

This formation embraees, I. T/ie Weald Glay ; 2. SaiUngt Sand ; 3. i*ur- 
btek Strata. They were firat described in the South East of England, 
chiefly in tlie mealds or woods of Susses and Kent, and are oompoaed of beda 
of limeatone, conglomerate, sandstone, and clay, which alwund in the reiuaina 
ot freah water and terreatrial animals, and appear to have been deposited in 
aa estuary that once occupied that ^t of England. Simihir beda occur in 
Scotland, and in a few places on the jBuropean Continent. 

Rem. Some of the most remarkable feeta in foaail geology have been de- 
rived from this formation, which will be found described in Dr. ManielPa 
IlluHrationt of the Geology of Susiex. ct«. And in his Geology of the South 



3. Oolitic Formation. 

Descr. la many of the rocks of this series, small calcareous 
globules are imbeaded, wbicb resemble the roe of a fish, and hence 
8D0h a rook is called roeitone or oolite. But this structure ex- 
tends through only a small part of this formation, and it occurs 
also iq oUier rocks. 

Descr. The oolite series consist of interstratified layers of day, 
awidstone, marl, and limestone. The upper portion, or that 
whiob is oolite proper, is divided into tlirBe systems or groups, 
called the upper, middle, and lower, separated bj clay or marl 
deposits. 

The Upper Oolites in England consist of, 1. The Portland Stone ; 2. FoH- 
land Sand; 3. Kimmeridge Clay. The Middle Oolites embraoe, 1. The Up- 
per OaUareaui Grit ; 3. Coral Sag ; 3. Lotoer Oalcareoas Grit ; 4. Oxford 
day; 6. JCelloiea^t Roek The Lower Oolites are divided into, 1. Gorn- 
brath; 2. J<brett Ma/rile; S. Great OoUtt and Btv^ord Clay; 4. Oarfionr 
aclatu GHtalonei and Shalea, StonetAeld ISlate and FiUWt Morth ; 6. Infe- 
rior Oolite; 6. Oaltaree-Siliceoui Sand. Anttedt Geoliyy, vol 1, p. S67. 

Deter. Id this eonntry no genuine oolite has been fiiund But the remark- 
able coat field in eastern Yireiuia. near Richmond, is most probably of the age 
of the oolite and lias, Ra has been shown by Professor W. B. Bogera. Zyell't 
Manual of Elementarg Geology, ith Edition, p. 284, London. 1S62. 

4. Lias 

Descr. Lias is a rock usually of a bluish color like common 

olay; and it is indeed highly argillaceous, but at the same time 

geomally caJcareons, Bands of true argillaoeoas limestone do, in> 
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deed, ocoar in it, as well as of calcareous sand. It baa been usual 
to describe it &s a member of the oolitic series. But it is widely 
diffused; is ¥erj marked ia its characters, and contains peculiar 
and very interesting organic remains. 

5. TViassic System, or Upper New Red Sandstone. 

Rem. Until quite reiMntly, rII the etvatilied rooka between the liaa and the 
coal measures, have beea regarded and deBOpibed as a wngle group, under the 
niinie of New Red Saudatone, Saliferoua System, i!re. But it ib found that Ihe 
fosBila of the two lower divisions of this ayateni correspond with those in the 
Hcwei" Palieozoio Series, munh nearer than with those of the lias, or oolite ; 
wiiile those in the three upper divisions, approitch nearest to the fauna and 
floi'ft of the secondary roolra. 

Descr. In Continental Europe the Triassic System is dividecl 
into three distinct groups, and hence its name: 1. Variegated 
Marl, (Marnes irisees of the French, and Kewpar of the Germans ;) 
or indurated clays of different colors, with a predominance of red. 
With this, gray sandstone and yellowish magnesian limestone are in- 
terstratified. Beds of gypsum and rock salt are common. This is 
the Tipper member of the series. 3. Musckdkalk, a gray oompaet 
limestone, occasionally dolomitic. This does not occur in Great 
Britain, nor as we know, in this country ; and hence a good deal 
of difficulty in distinguishing the upper from the lower divisions. 
3. Red or variegated Sandstone, ( Gres Bigarre of French writers, 
and BuTder Sandstein of the (Germans,) Its colors are white, red, 
blue, and green; which often ^ve a strikingly variegated appear- 
ance to the rock. Its composition is chiefly siliceous and argillace- 
ous, with occasional beds of gypsum and rock salt, which, however, 
are often wanting. 

R^m. This rook, especially where the Miiachelkalk is wanting, is very de- 
ficient in oi'ganio remans. Gut it is in this formB,tioa chiefly that those re- 
markable footmarks are found which have of late excited no small intBrest. 

4. PALAEOZOIC ROCKS, OR. PRIMARY FOSSILITBROTJS. 

JJef. This class of Rocks extends from the base of the Triaasw 
System to the bottom of the fossiliferous rocks, embracing deposits 
of vast thickness. The lower portion, or the Devonian and 8i- 
luriau Rocks, were formerly called the Transition Class, and 
sometimes Grayioac/ce. The subdivisions of the Palaeozoic Strata, 
are, I. The Newer PaUeoioio, or the Lower New Red and the 
Carboniferous System. 2. The Middle Palaozoic, or Old Red 
Sandstone ; and 3, the Older Palaozoio or the Silurian. 

1. The Lower JSew Ked Sandstone, or Perm/ian System 
Descr. In Grermany and England the Lower New Rod Systeni 
two very distinct groups of rocks; the highest is a Mag- 
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nesian Limestone, and the lowest Sandstooe. In Germany the 
iimestone is called Zechstein, and its eubdivisions are Letten, 
Stinkstein, and Rauwacke, with some shaly'beds beneath of ar- 
gillaceous, bituminous, and arenaceous schist, called Kuperschcifer 
or copper slate, because sometimes worked for copper. The sand- 
stone beneath the schists in Germany, (and frequently also in 
England and America,) is called Rothe-todtelieg^ide, or red dead 
lier ; red as to color, dead as to metallic ores, and underlying the 
copper slate. 

. Descr. The Permian system consists of numerous strata of great 
extent in Bussia, (700 miles long and 400 broad,) in the ancient 
kingdom of Permia, made up of common and magnesian limestones, 
with gypsum and rock salt conglomerates, red and green gritstones, 
shales, and copper ore, lying in a trough of the carboniferous 
stiata, and below the Triassic gystem. Henoe it has been very 
probably referred to the Lower New Red System. 

Hem. It is not yet settled whether the Lower New lied SaDdatone occurs 
ID tforth AmeFica, though some of its most remarkable fish, — the Falieomaci, 
are common hfre. 

2. Carboniferous St/stem. 

Descr. This system derives its name from the great amount of 
carbon, or ooarfound in it ; it being in fact the only deposit, with 
a few exceptions, that contains good coal in workable quantity. 
It is made up of two distinct varieties or groups of rocks. 1. Coal 
Measures. These 'consist of irregularly interstratified beds of 
sandstone, shale, and coal. Frequently these are deposited in 
basin-shaped cavities; but not always. These rocks abound in 
faults produced by igneous agency ; whereby the continuity of the 
beds of coal is interrupted, and the difficulty of exploring for coal 
increased in some respects; but in other respects facilitated; so 
that upon the whole, these faults are decidedly beneficial. 2. Car- 
boniferous Limestone. A gray compact limestone, traversed by 
veins of calcareous spar, and frequently aboimdiug in organic re- 
mains. Encrinites are sometimes so abundant that the rock is 
called encrinal timestotie. It is also called mountain limestone, 
and metalliferous Umestone, since in England, as well as in North 
America, it abounds in lead ore. 

Deacr. The coal measures exist ia almost every eountry of much extent, 
aod form one of the most important souroes of national wealth and huppi- 
nesB, In England not less than 8,000,000 tons of coal are yearly raised from 
the minea of Nortlmmberland aod Durham^ at whiub rate tbey will be ex- 
hausted in abnut 2B0 yeara. la South Wales, however, is a coal field of 
1,200 square miles, irith 93 beds, whose total ttiiekneas ia 96 feet ; and thi» 
willsitpply coal for 2,000 years more. SakewelPa Geologv,p. 135. In Great 
Britain about 15,000 eteuin engines are in operation by the use of coal, with 
a poww equal to Uiat of about 3,000,000 of men. Ttie mBobmery morad hj 



^db, Google 



™«. 73 

thia power hiss been supposed eqiiivnioat to tliat of between 800,000,000 and 
400.000,000 men. by direct labor. Well may Di-. BuoMand aay, " we are al- 
most astounded ftt the iijfluence of coal and iron and steam upon the fate and 
foi-tuue3 of the human race." BTidgei/jater Treatise, toL I, p. E85. 

Iiescr. The foUowiug table preaeutB some interesting factsin respect to the 
ejftent and produce of the minea in sereral of the best coal-produeing coun- 
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31,600,000 
4,960,077 
4,400,000 
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i9,l 61,034 


73,668,8*6 





Rem. Of the ftbofs amount in France 153,000 tons are Brown ooa! from 
tertiary strata, and 700,000 tons in Prussia. 

Descr. The amount of surfiiee underlaid by ooid, as stated ia the preceding 
Table, in the United States, is too small ; some lai'ge deposits baviag been 
traced out since 1846. The great Appalaohiau coal field, exteudiag fi^m. New 
York to Alabama, 720 miles, covers neai-ly 100,000 square miles ; the Indi- 
ana coal field, 360 miles long. Sfi,000 square miles. The Michigan field, 160 
miles long, 13,000 square miles ; the Misaomi and Iowa coal field, 50,000 
square miles; and the emnll fields in Massachusetts, Rhode Island, Emd 
%'irgiuiB, oover perhaps 1,000 square miles: Total, 318,000. Thia is more 
than 27 limes as large as Massiichiisetts ; and if we add, say 13,000 square 
miles for the coal fleldi in Nova Scotia and Hew Brunswick, we shall have a 
Burfaee equal to nearly 39 Hueh States. If we suppose the average thickness 
of ail the beds over this suriace to be only 25 feet, {some single beds have 
twice Uiat thictness, and the number of beds above one another is often 
gi'eat.) ilie whole amount of coal ia BoUd mensura iu this country, would be 
fiot far from 1,100 oabio miles. One cubio mile cxmtaiafl 7,174,687,2!6 tons 
of coal, each cuMe yard weighing ab«ut 1.316 tons. Supposiug the yearly 
oonsumption of coal in the country to be 7,000,000 tons, one cubic mile would 
Inst 1,000 years, and 1,100 cubio miles would Inst okb million one hcndrko 
thousand years. 

3. Oid Red Sandstone, or Devonian System. 

Desor. The Middle Palseozoio Rocks consist of a deposit of vaat 
tliieltness and extent, which, in Scotland asd England, has long 
heen known as the Old Ked Sandstone ; but it has heea denom- 
iuated the Devonian System, by Professor Sedgwick and Mr. 
Murchison, because largely developed in Devonshire, and proved 
by them with great labor and singular sagacity to be eontempora- 
noons with the Old Tied Sandstone of other regions. In Scot- 
laud, this formation is not less than 10,000 feet thick. In Eng- 
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land it is divided into three groups : 1. Old Red Conglomerate, 
which is the uppermost division : 2. Gornstone and Marl, or ar- 
gillaceous marly beds, alteruating with sandstoDe, and sometimes 
with impure limestone : 3. Tikstone, or fisile Iwds, used sortetimes 
for tiles. In other conntriea other varieties of rook are found in 
this formation, such aa red and green flags, black calcareous slatj 
masses, and magnesian limestone. . But the organio remains iden- 
tify the formation in different regions. These consist of numerous 
peculiar corals, radiata and molluscs; but more especially of pe- 
culiar fishes. 

Descr. This formation is widely developed on the continent of 
Europe, as in Belgium and Westphalia, France and Spain. In 
Russia it covers more surface than the whole of Great Britain, not 
less than 150,000 square miles. In the United States it occupies 
estensive tracts, as may be seen by a reference to the Geological 
Map connected with my outlines of the Geology of the Globe. 
Ansted'i Geology, vol. 1, Chaps, vii. viii. ix. x. Murchisoti's 
G&}logy of Russia, vol. 1. Chap. iv. 

4. Silurian Sysiejn, Murchison. Graywacke of Others. 

Descr. The vast deposits which are now described under this 
name, embrace all the fosaUiferous rocks below the Devoniau, or 
Old Red Sandstone. A few years since Professor Sedgwick gave 
an account of fossiliferous rocks still lower, under the name of 
Cumbrian and Cambrian Systems ; from the name of the region 
where they are developed in Great Britain. But it seems to be 
now agreed among the best English geologists, that the organic 
remains in the Cumbrian, Cambrian, and Silurian groups, ace too 
much alike to allow them to be separated from one another, and they 
are accordingly all united in the Silurian System. Murckison's 
Anniversary Address before the London Geohg. Society, 1843, 
Also Ansted's Geology, to!. 1, p. 93, et seq. Professor Emmons, 
however, contends, that what be calls the Taconic System in this 
country, lies below the Silurian. 'I%e Taconic System, p, 5. 
Albany, 1844, 

Descr. The Silurian System is divisible into two great groups, 
which are probably about as distinct from each other as the other 
groups that have been described. 

1. Upper Silurian Rocks. 

Descr. This series embraces the Ludlow and Wenloek rocks of 
Murchison's Siiurian System, and the Upper Cumbrian and Cam- 
bri&n Tockfi of Sodgwlok. The Ludlow and Wenlook Formationg 
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consist of shales and limestones conformably interstratified, with 
the following names, beginning with the lowest. 1. Wenlock 
Shale. 2. WenJock Limestone. 3. Lower Ludlow Shale. 4, Ay- 
mestry Limestone. 5, Upper Ludlow Shale, The Cumbrian and 
Cambrian rocks are mostly argillaceous and calcareous slates, fre- 
quently fossiliferous and alternating with porphyries and feldspar — 
rock of igneous origin. These slates occasionally pass into flag- 
stones and thick sandy beds of the rock called by the Germans 
Grawwacke, which is a gray micaceous sandstone, Ansted's 
Geology, vol. 1, Chaps, ii. iii, and iy. Murchisori's Silurian 
System, vol. i, p, 195. London, 1839. 

2. Lcywer Silurian Rocks, Murchison. Cambrian Rocks and 
Caradoc Group of Sedgwick. 

Descr. The two most important varieties of the Lower Silwrian 
Bocks, as described by Mr. Murchison in Great Britain, are the 
Caradoc SaTidatone and the Llandeilo Flags, These rest upon 
the strata of the Cambrian Series, and pass into them insensibly. 
The entire series, including also a portion of the Cambrian Sys 
tern, is highly argillaceous, or arenaceous; the clay being changed 
into slatea, or shales, with cleavage planes, and the sand into fissile 
sandstones, Interstratifled, however, among these argillaceous 
and arenaceous strata, are occasional bands or lumps of oaloareous 
matter, containing organic remains, which occur also in tho slates. 
Murchison's Silurian System, vol. 1, p. 216. Ansted's Geology, 
vol. 1, p. 103, 

Descr. The Silurian and Cambrian Kocks are described as of 
great thickness, certainly many thousand feet. But their esact 
thickness has not yet been ascertained. In the Tabular View, 
Section I., I have given the thickness at 30,460 feet, 

Descr. The Silurian Kocks, embracing iJso the Cumbrian and 
Cambrian, occupy large areas in Belgium, Germany, Scandinavia, 
and Russia, as well as in North and South America. Their great 
extent in the United States may be seen in the Geological Map of 
N, America above spoken of Their thickness here is certainly 
as great as in Europe ; and they appear to be more fully developed 
in this oOTiutry than in Europe ; since wo have several varieties 
here not found there. Mr. Conrad thinks there are good grounds 
for a threefold division of these rocks in this eouutty ; the groups 
being as distinct from one another as they are from the Devonian. 
Jour, of Acad. Nat. Sci , Phil. 1842, vol. \a\. part 2, p. 233. 
As will be seen by a reference to the Tabular View at the end of 
Section I,, the New York Geologists divide the Silurian and De- 
vonian Systems into 28 distinct Groups, 1 1 of them, aoeording 
to Hall and Verneoil, belonging to the Devonian, 10 to the Upper 
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Silurian, and 6 to the Lower Silurian Group, American Journal 
Scien<x, vol. 7, N. Series, p, 219. This is Verneuil's arrangement : 
but Prof. Hall thinks the Oriskana Sandstone to be debateable 
ground, and fixes the base of the Devonian System at the bottom 
of the Sohoharie Grit, or the upper limestone series of the Helder- 
berg. Farther west this horizon passes between the lower or 
Niagara Group of the Cliff Limestone, and the upper part, or 
Onondago and Carboniferous Limestone. Mr. Hall and others, as 
Prof. W. B. and H. D- Rogers, and Prof W, W. Mather, regard 
the Taoonio System as merely certaiu members of the New York 
System, that have been subjeoted to powerful igneous metamor- 
phio a-ction. 

{Lydl) CTtYS- 



Rem. 1. The rooks to bs described (including granite, , 
called Primary, beoause they were supposed to hiTe bei , 
the depoGitiiiu of the foaBiliferous stratn ulready desortbed: whereas it now 
appears that Bome of these rooks, espeoially the unstratified, ha*e in Bome ic- 
stances been formed at a later period. The term Sypogene (neth^-fortaed, 
or formed beneath the earth's crust.) ia intended to express this &ct. But it 
repre^nts all the nonibssiliferoua rocks as thus formed ; which would not be 
admitted by msny geologists. The term Metamorpkic implies tha.t these 
rooks have been altered smce their original production ; which would be ad- 
mitted to a greater or Use extent by ^1 geologists ; but the same is true of 
the rocks already described, especially of the older ones. The term Hypo- 
zoic proposed by Prof. Sedgwick, signifies only that the rocks embraced in 
the series lie beneatt those coataioing fossils, atid therefore is quite fpeo from 
hypothesis ; which cannot be said of either of the other terms. 

llem. S. Tofiudthe oldest fosailiferoosrookhas been, and still is, aproblera 
of great interest with geoli^ists. In Europe, the prevailing opinion seems 
now to be that the Lower SiluriaD is the true Protozoie Group : though Mr. 
Lyell contends that even the azoic rooks may have been ooce fossiliferouB, 
aud that the organic remains have been obliterated by metamorpbio action. 
lo this country the Potsdam sandstone of the New York System, is usually 
regarded as the oldest rock containing animuls and plants. We have seen 
that Professor Emmona believes in a fossiiiferons series still older ; via. Ike 
Taconic. Prof, H, D. Rogeri AddreSi before Seal. Assoc, at Wafkin0on m 
1844. Emmont Taeonic System; Hairs, Vemtizem's, and Mather's Reports 
on ths JT. York Survey. 

Rem. 3. As the noo-fossillferous rooks have no settled order of superposi- 
tion, diflferent writers will describe them in different orders. I shall give 
them in the order in which they moat usually occur, especially in this country, 
1. Clay slate or argillaceous slate. This rook is composed of 
fine argillaceous matter which has a fissile structui;e, and in the 
oldest varieties its surface is more or leas shining from chloritic or 
plumbaginous matter. Its principal deposit haa already been de- 
scribed, as a part of the Cumbrian and Cambrian Systems. But 
it occurs frequently interatratified with mica slate and quarta 
rock ; and must, therefore, be regarded as a non-fossil iferoua r«ck. 
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QUARTZ ROOKS. 77 

Tet on the other hand, it also ocaors iaterstratified with, foasilifer- 
ous graywacke, ■ There seems, therefore, a necessity for regarding 
clay slate as belonging both to the foesiliferoua and non- fossil ifer- 
ous strata. The farther we recede from the line separating these 
two elasses of rocks, towards the oldest, the more highly gla^ted 
does the clay slate become, until it passes at length insensibly into 
mica slate, talcose slate, or hornblende slate. But receding from 
that line in the other direction, its surface beeonies more dull, and 
its texture looser, until it forms what is usually termed shale ; and 
if we follow it still higher up in the series, it becomes graduaUy 
changed into unconsolidated clay. 

Mem. A Tariety of clay slate med for whetatooes and honefl is oallad vAet- 
ttorie hiete. Some of the best stoneB, however, are oompaot felspar. The 
commou notion tliat they are petrified wood, is utterly grouudleas. Cfraphie 
alale or draining slale.ia a variety of clay slate that contains several per cent, 
of carbon. The beat novaculite, or honestone, in tliia country, comes from 
Wisconsin and Arkaueas, This is nearly puce silex. 

2. QiMTtz rock. This rock \s essentially composed of quartz, 
either granular or arenaceous. The varieties result from the in- 
termixture of mica, felspar, talo, hornblende, or clay slate. In 
these compound varieties the stratificatioa is remarkably regular ; 
but in pure granular quartz, it is often difficult to discover the 
planes of stratification. It is interstratified with every one of the 
hypozoic rocks, and also with graywacke ; in which last case it often 
aSBumea a decidedly mechanical structure ; and even when a mem- 
bet of the primary series, this structure is sometimes visible. 
MaecuUoch'a Principles of Gtohgy, vol. 2, p. J74. Also Geo- 
logical Classificaiion., p, 317. 

Jiem. The areoaeeous varieties of this rook form good ji/fsioitet ; that is 
etoncB capable of sustmning powerful heat. Some varieties of mica slate are 
etill better. Oueiss of an aieniLceous GDmpositiou is also employed; as are 
Buveral rartetiea o! aandatone of different ages. The fireetone of the English 
green sand, is a fine siliceous sand cemented by limestoue. Mlten on tke 
Strata btimc tJu Chaik, p. 137. 

3. Homilende slate. Hornblende predominates in this rook; 
but its varieties contain felspar, quartz, and mica. When it is 
pure hornblende, its Btratification is often indistinct, and it passes, 
by taking felspar into its composition, into a rock resembling 
greenstone. It occurs in every part of the hypozoic series ; but 
its more common associations are argillaceous slate, mica slate 
and gneiss; into which it passes by insensible gradations. 

Variet;/. Dr. Maceulloeli describes actynoHte schist, as distinct from horo 
blende slate ; but as uiioeralugists now regai'd the two minerals as only one 
EpKCiea, it is unnaotssary t<i separate tbe rocks. 

4. Talcose slate. The talo in this rock, which is the essential 
ingredient, and is sometimes in a pure state, is usually mixed with 
qaattz and mica, and sometimes with limestone, felspar, and horn- 
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blende. It is associated sometimes with argillaceouB slate, and 
even graj'wacke; but usually, at least in the United States, with 
mica elate, and rarely with gaeiss. 

Varieties. Chiorite tlate ia only a variuty of taleosB slate, in whiob the talc 
ig almost pulverulent and compact, of a greea color, and in much larger 
quantity tbau tbe quartz. Steatite is ufteo notliiug' but achistoae talc, whicli 
la adhnrent eoough to be wrought, acd at otiier times it ia aomewhat granu- 
Ur, and slightly indurated. Thia ia the valuable stone so enteosiTely used 
foi' fumacsB, dre-placcB, aqueducta, &a., under the naoie of soapttone or free- 

a TSeif Eoglaud, lie at the junation of 

Metamorphic, Hypozoic, or Primary lArtiesione. Its strata 
alternate with hypoaoio rooks. Dr. MaecuUoch considers such al- 
ternation the only decided proof that a limestone is primary. 
Frincipks of Geology, toI, 2, p. 209. Others, as De la Beche, 
make its primary character to depend more upon its crystalline 
state ; and hence assert that it occurs interstratified with fossil- 
iferons rooks. Manual of Geology, p. 435. It is generally 
white and crystalline, resembling loaf sugar so much as to be 
eaUed saccharine. But in some situations it is dark colored, by 
beiug penetrated with otber rocks, and also nearly compact. 

Bern. Whea tkia rock occurs in the uostratified class, and also in some of 
the older stratified ones, it is often nearly or quite destitute of atpatification, 
(Bs. gr. tlie limestone bed3 in syeoice in Newbury aud Stoueham, and in 
gneiss at Bolton, Maaaachuaetts ; also in hornbleude elate in Smitbfieid, 
fi. I. ; and in granice. in St. Lawreuoe and Eases County. N. T). Hence it 
bas beeu proposed to put primary limeslone into tbe uiistraliiied oloas. 
Prof. Emmoni Report on the Geology of the Second District of Nem Tori, 
1842, p. 37. In many OBSSa, however, it is most distinctly stratified; as for 
inatAnce, in the bed lying between strata of g;neiaa on Cola's Brook, in the 
west part of Middlefield, in Maaaachuaetts. The interestmg examples given 
by Prof. Emmons in St. Lawrence County, in hia report above referred to, do 
indeed prove that this rock may exist sometimes in the furm of veins in 
granite. But looking at all the feets on the subject, tbey aeem more satisfac- 
torily explained by supposing primary limestoue a metamorphio rock, which 
may therefore be found both stratified aud unatratified, than by regarduig it 
as always unatratified and of ignaoue origiu. 

6. Mka Slate. This is a slaty mixture of miea and quartz in 
which the former predominates. G-aruet and etaurotide are often 
BO abundant in it, over extensive tracts, aa properly to be regarded 
as constituents ; hence the varieties, garnetiferous and siaurotid- 
iferous mica slate. This is one of the most common and best 
characterized of the hjpozoio rocks. 

8. Gneiss. The essential ingredients in this rock are quartz, 
felspar and mica. Hornblende is occasionally present These 
ingredients are arranged more or less in laminee, and the rock ia 
stratified. Where it passes into granite, however, {which is com- 
posed of the same ingredients,) the stratification, as well aa tiie 
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GNEISS AND EUBITE. 79 

laminar arrangement, become exceedingly abseure ; and it is im- 
possible to drawa definite line between tne two rocks. G-neiss, aa 
well as mioa slate, is remarkable in some places for tortuosities 
and irregularities exhibited by the strata and laminre ; while in 
other places these same rocks are equally distinguished for the 
regularity and evenness of the stratification, by which they are 
rendered escellcat materials for economical purposes. 

Varielies, Gueiaa sometimeH contains cryslols of felspar, which give it a 
eputted uppearancc ; and this is called porpki/Tilie gneut. When talc takea 
tlie place of mien, the rock ia called firotogme. 

Rem, Gueiaa is a roolt of great extent in, the United States; especially ia 
Nev England. 

Surite or compact felspar. Dr. Macoulloch describes a stratified rock as- 
sociated with gaeisij in Scotland, composed chiefly of compact felspar. De 
la. Beche rajrai'ds this as eurite, although most writers consider eurite as a 
member of the uostrutified class. 

Prin. If aU the stratified rocks have been deposited from 
water, as we have seen, the layers must have been originally nearly 
horizontal. 

Proof. Deposita now takiug place rarely hare aa inclination greater than 
10° over a[>y oonsiderable extent of Burdiee ; though in some favorable cir- 
cumstaacea. &a when sand accumulates outward ou a steep shore, the strata 
uiaj be iuolined as much as 40°. But a little care will enable any one to dis- 
tinguish such cases from the effects of subaequent elevation ; and it still re- 
mains true, aa a general fnct, tliat deposits now forming liave only a slight 
inclination. 

Inf. Hence if we get the perpendicular thickness of a series of 
strata we ascertain the character of the crust of the globe to that 
depth. 

Eipl. If we measure the breadth of a series of upturned strata, on a line 
at right angles to their strike, and ascertain their dip. we have given the 
hypotbenuae and angles of a right-angled triangle to find tbe perpendicular, 
wbieb is tbe t'nickneas of the strata. If the strata are perpendicular, a hori- 
Eontal line across their edges gives their thickness. 

Facts. By measurements and calculations of this sort, it has 
been ascertained that the total thickness of the fossiliferous strata 
in Europe, is not less than 6 or 7 miles. In Pennsylvania fossil- 
iferous rooks beneath the top of the coal measures, are 40,000 
feet, or more than 7.5 miles, in thickness. Prof. Rogers' Report 
on the Geology of Pennsylvania for 1838, p. By. 

Descr. Ia the peninsula of Tauris, Pallas describes a continued 
series of azoic strata, inclined 45°, over a distance of 86 miles; 
which would give a perpendicular thickness of more than 68. miles. 
LyelVs Prin. Geol.,vol. 2, 443. In New England, as for instance, 
on the railroad betweea Westfield and PittsBeld, wo have strata of 
hypozoio rocks, for the most part nearly perpendicular, not lesa 
than 20 miles in thickness. 
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80 THICKNESS or THE STRATA. 

Ran. 1. It ougbt to be reu)lle<.tecl tkat tlie liypozoic litrata have beei 
subjected to £iir more numerous disturbauceB tlmn the Becoudury imd ter 
tiary; and, tharefoi-e, all Budi measureraenta lu the above, are liable to give 
results uot a tittle erroneous, since tlie sttata may be eo shifted aa to be 
meitsured twice. Id the eiample last quoted there may exibt, as shown on 
page 13, one or more folded axis buch sLitioiiB, however, a^ those men- 
tioned above, indicate, after all allowaoees ai e made, a gre^ perpeniiicular 
tMckuess. 

Rem. S. Dr. Buctclnnd esliuiatea the total thicktiees of all the stratilied 
ocks in Europe to be at least ten mileo Bndqmrater lieatiie, vol. 1, p. 31 
Inf. We see from these statementa how groundless ia the 
opinion, that geologists are able to aaoertain the structure of the 
earth only to the depth that excavations have been made, which ia 
less than a mile ; especially, when we recollect, that the unatrati- 
fied rocks are uniformly found heneath the stratified ; and since 
their igneous origin is now generally admitted, it can hardly he 
doubted that tbey come from very great depths ; so that probably 
the essential composition of the globe is known almost to its 



SECTION IT. 

LITHOLOGICAL CHATIACTEKS AND RELATIVE AGE OF THE I 



Prin. The differences among the unstratified rocks result from 
two causes. 1, A difference in chemical composition. 2. The 
diversity of circumstances under which they were produced. 

Descr. All the vaxieties of these rocks pass into one another by 
insensible gradations, even in the same mountain mass ; giving 
rise to endless varieties, which cannot be described minutely in a 
treatise like the present, 

Sescr. The two predominant and characteristic minerals in the 
unstratified rocks, arc felspar, and augite, or hornblende. 

Sent. The Augite and horublende are only varieties of tbe same mineral 
Bpeaes, which acquire their different oiystalline forms and other eharacteristio 
diiference.", in consequence of adiffereucein tbe rate of eooltng from a state of 
fusion ; — the fopmer orjatallizing rapidij, and the latter slowly. Rose fused 
hornblende, and found Hiat on cooling it took the form of augite Lyetl's 
Ekmentt of Oeologj/. vol. 2, p. 192. PhilHpi Treatise on Geology, vol. U, 

Descr. The following arrangement of the unstratified rocks, 
founded upon the relative quantity of felspar and augite or horn- 
blende, which they contain, has been suggested by Prof Phillips. 
Treatise on Geology, vol. 2, p. 57, and is liable only to the objeo- 
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tion, that we have not a kaowledge of the compoaitiou of the older 
rocka sufficiently perfect, to make it certain that they are all put 
into the right place in the classification. 

Division 1, Fehpathic. 

Felspar alone, or but slightly mixed with augite, hombleade, 
hyperattene, diallage, &c. 

Ancient. Modern. 

Granite and most Porphyries. Trachyte. 

Division 1. 
nearly equal proportions with augite, hornblende, 



dent. Modern. 

Syenite and Greenstone. Grraystones of Scrope. 

Division 3. 

Augite, hornblende, hypersthene, or diallage, predominates over 
felspar (or olivine). 

Ancient. Modern. 

Basaltic series of most authors. Btisaltio series of Serope, 

Descr. On the same principle, that is, mineralogical constitu- 
tion, Mr. Serope has divided the products of estmot and active 
voleanoa into three kiuda; 1, TVacAyte, which is felspathic; 2, 
Graystime, or a mixture of felspar and iron ; 3, Basalt, which is 
augitio. G-irardin ( Consideratio?ts General sur les Yolcans, p. 
13) divides these products into the troAzhytic formation (terrain), 
the basaltic formation, a?ul the lava formation. 

Def. The melted matter that is ejected from a volcano, or re- 
mains within it, is called lava. Hence it is not improper to apply 
the term to any rock that is proved to have been in a melted 
state. But it is usual to confine it to the more modern unstrati- 
fied rocks, such as have been ejected from a crater. 

Rem. 'ITie igoeouB origin of all the unstratified rooks is now bo geceiaUy 
admitted, tliat we may take it for granted ; and make it tbe basis of cla^^ifica- 
tiun. The proof, howevej, will be presented in a subsequent section. 

Descr. Lava cooled rapidly, and not under pressure, forma 
glass, or scoria; but cooled slowly, and under pressure, it becomes 
crystalline. Now the older unstratified rocks, such as granite 
syenite, porphyry, and greenstone, are more or less crystalline ; 
whereas basalt, trachyte, and other products of existing voloanos, 
are compact or cellular. Nor have we any but presumptive proof, 
that the former class are now produced by igneous action. Heneo 
4* 
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it is inferred, that ttey were cooled under a vast pressure of the 
ocean and its subjacent heds; and hence they are called ^wionic 
rocks ; whereas the latter are denofflinated volcanic rocks Phil- 
lips' Treatise on Geology, vol. 2, S2. Lyell's Slenwnts of 
Geology, vol. !, p. 11. 

Prin. There is strong reason to believe that in some inatatices, 
as in Sasony, and in Sutherlandshire, and Arraa in Scotland, 
granite Las been protruded through the strata after it became 
solid. Lyell's Ekm. Geol., vol. 2, p. 370. Solid basalt was pro- 
truded in a similar manner, according to Von Buch, in the year 
1820, in the island of Banda, in great quantities. Description des 
Isles Canaries, Src.,par L. de Von Buck, p. 412. Paris, 1836. 
Also Am. Bid. Repos. Jan. 1840, p. 34. 

Obi. The most important of Che uDatratifled roeka will now be deecribed 
in an order aa nearly ohroQologioal (beginning with the oidest) as the preaeot 
Btate of uur knowledge will admit. 

1. Granite. 

Descr. The essential ingredients of this rock arc quartz felspar, 
and mica. Its prevailing colors are white and flesh-colored. In 
some eases the materials are very coarse, the crystalline fragmeuts 
being a foot or more in diameter. In other cases, they are so fine 
as to be scarcely visible to the naked eye ; and between these ex- 
tremes, there exists an almost infinite variety. The fine-grained 
varieties are best for economical uses; but the coarser varieties 
abound most in interesting simple minerals. 

Varieties. QrapMa granitt ia oampo^eil of quartz and. felspar, !□ which 
the former has an arrangemeot which makes the surfatie of the rock exhibit 
the appearance of letters, as in Fig. 4!. When granite containa distinct 
crvatala of felapitr, it ia called parphyritiii. Wbeo tne ingredienta are blend- 
ed Into a finely granular ma^s, wiCh Imbedded crystals of quartz and inicu, 
it has been called by the French writers, euriU. Pegmatite a a granular 
inixtura of quartz and felspar. 

3. Syenite. 

Drf. Syenite ia composed essentially of felspar, quartz, and 
hornblende, the first predominating. When mica is also present, 
the compound is frequently denominated syehitic granite. Traite 
Elementaire de Geologie, par M. Rozet, tome 1, p. 482. 

Oba. 1. A great deal of confusion and diversity of opinion has esisted in 
roBpect to the nature and position of syenite. Maccullocli makes it to con- 
sist of fdspar (compact or eominon) hornblende and quartz ; and be limits it 
to the overlying or trap family, and oonaiders the analogous coiupoimda as- 
sodated with granite, as merehr varieties of the latter. In K. England, ench 
a distiiictioa would be very dimcult, linoe the same ooDtinuous formation of 
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geologiet 
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im which tha 
u:k mii^ and 
lite, a Frenoh 
tbe auggeBtioD, 



proposed to substitute Sinaite for eyemte;- 

t oei'tainly a good one. has Qot been adopted. 

Most of (he ejenite so fiimoua in N. England for arohiteotural pur- 
that from Quiney and Cape Ann, is oomposod of feUpar, quarts and 
' I, the latter frequently disappearing. 
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3. Porphyry. 

Def. Rocks with a homogeneous, compact, or earthy base, 
through which are diaaeminated crystalline masses of some other 
mineral of contemporaneous origin with the base, are denominated 
pryrpkyry T 1 t po phjry, such as was most commonly 

employed by tl t h b ae, of compact felspar, with im - 

bedded c 1 f f 1 p Wh n the base is greenstone, pitch- 
stone, tr hyt b alt th p phyry is said to be greenstone 
porphyry p h to p phy y t achytio porphyry, and basaltic 
porphyry Tl b m t m s clinkstone, or claystoue, and 
the imbedd d ytlmybfl par, au^te oliyine, &c. 

Inf. Hence the term porphyry designates only a certain form 
of roct, but does not refer to any particular kind of rock. When 
porphyry is spoken, of in general terms, however, felspar porphyry 
IS usually meant, 

Obs. The name porphyry signifies jowrjofe, nojipt^iu, such having 
been the most usual color of the ancient porphyries; but this rook 
exhibits almost every varietj- of color. It is the hardest of all the 
rocks ; and when polished, la probably the most enduring. 

Descr. Clayttone 
like indurated ' , , . 

compact atone of various cobra ; fusible before the oominoii blow pipe, ai .. 
often translucent ou the edges, like bornstone. Its predominant iogredient 
appears lo be felspar, (cUnkstoite oc phoaolite ;) or fissile pefrosi/ea!, a green- 
ish or grayiab rock, dividing Into slabs or columns, ringing under the ham- 
mer, and apparently a variety of compact felspar. Homsione is a compact 
mineral, often translucent like a born: of various colurs; in hardness and 
fracture approaching fiict : iufusible before tbs blow pipe ; and bence com- 
posed cbieSy of silica. {Tomean isbetween hornatone and compact felspar, 
compact and homogeneous ; supposed to consist of falspar quarta and horn- 
blende. All these substances form the basis of porphyry ; and henee we have 
clinkstone porphyry, hornatone porphyry, claystone porphyry, itc. When 
Uack augite forms the base of porphyry, it is called melapkgre. 

4. Greenstone. 

Descr. Several unstratified rocks, whose principal ingredients 
are felspar and hornblende or au^te, are called trap Rocks. 
from the Swedish word trappa, a stair ; because they are often 
arranged in the form of stairs or steps. Although the term trap 
is loosely applied, most writers limit it to the varieties of rock 
called greenstone, syenitic greenstone, basalt, compact felspar, 
clinkstone, pitchstone, wackc, amygdaloid, augite rock, hypersthene 
rock, trap -porphyry, pitchstone porphyry, and tufa. MaccJloch 
includes claystone and syenite. System of Geology, vol. 2 p, 80. 

Descr. fireenstone is ordinarily composed of hornblende uid 
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felspar, both eompaot i 
quantity. 

Descr. The tarm dalerile has been used by the geologieta of oootinentrf 
Em-ope, as eijuivalent to greenstone. But aeoordina to Rose, dolerite con- 
siile of black augite and Labradoi" felspar ; to whioh Leonhard adds iron. 
Hiorita IB ftnotter Dame for a variety of greenotoue, which Roas says is com- 
poaed of albite aiid liornbtenda in grains. 'But albile aud hornbleDde are 
Eoinetimea called andei-ili. Dr. Macoulloch calls those varieties of greenstoTie 
«hioh liave a gi'eeo color, auaite rack ; bteause augite is the predominant in- 
gi'edieBl ; but the augite roolt of Leonhard is almost wholly augite. Whan 
hypei-ethene takes the place of hornblende, he calk the compound hyperiihert^ 
rock. Sgsiem of Geology, vol. 2, p. lOS, 110. When greenstone is composed 
almost entirely «f hornbliaide, the rock is denominated homilende rock. 
When the grains of felspar and hornblende are quite coarse, it is called 
atienitie greeaatone, which often takes quartz into its oomposition, and passes 
into granite. All the above rooks are frequently porphyritio ; and hence we 
have augitic, or pjrosenio porplijry, dioritic purphyiy, Ac. 

5. Trachyte. 

Descr. Trachyte is of a whitish or grayish color, usually por- 
phyritic by felspar crystals, and essentially composed of glassy 
felspar, with some hornblende, mica, titanlferous iron, and some- 
times augite. Beudant'i Traite de Minerahgie, tome I, p. 566. 
Lyell's Ekments of Geology, vol. 2, p. 199, Its name is derived 
from the Greek, jprajftij, rough, from its harshness to the touch. 
It was an abundant product of volcanic action during the tertiary 
period, and usually appears to be older than bai^t, although 
trachitio lavas have oontiiiaed to bo ejected down to the present 
day. Trachyte occurs in Auvergne and Hungary, and in vast 
quantities in South America. It constitutes the loftiest- summits 
of the Cordilleras. Humboldt's GeognoUical Essay on tlie Su- 
perpodtion of Rocks, p. 423. 

Beacr. Trachyte ki au earthy ooadition, as it occurs io the Pays de Dome, 
in Auvergne, is called domiU. Trachyte is usually porphyritio, and hence 
we have iTaeht/tic porphyry. 

6, Basalt. 

Descr. This rock appears to be composed of augite, felspar and 
titaniferous iron ; ana sometimes olivine in distinct grains. Its 
color is black, bluish, or grayish ; aud its texture compact and 
uniform ;— more so than greenstone. Angitc is the predominant 
ingredient. Probably in some cases, hornblende takes the place 
of augite ; but from the nature of these two minerals, this can be 
regarded as of little importance. Basalt passes insensibly into all 
other varieties of trap rocks. De la Bech^s Manual of Geology, 
p. 453. Lydl's EleiaerUs, vol. 2, p. ] 97. 
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86 AMVGDA1,0ID, 

Bait. It ia often asked whether baaalt occurs in the United Stataa. The 
lithologicnl chtti'aotera of some of our trap rocks can hardly be distioguiahed 
from tnoSB of baaalt ; aad probably those west of tha Ri>ekj Mountains are 
ns reoent aa the basalt of Europe. 



7. Amygdaloid. 

Descr. This term, like porphyry, is not confined to any one sort 
of rook; but indicatea a certain form, whicii extends throngb all 
the trap family. Amygdaloid abounds in rounded cavities, like 
the scorife and pumice of modern lavas, and these are often filled 
with calcareous spar, quarta, chalcedony, zeolites, and other 
minerais, which have taken the shape of the cavity ; so that the 
rock appears as if filled with almonds, and hence the name from 
the Latin, amygdala, an almond. These cavities, however, have 
sometimes been lengthened by the flowing of the matter while 
melted, bo that cylinders are found several inches long. When 
they are not filled, the rock is daid to be vesicular. 

Descr. A soft variety of trap rock resembling indurated clay, is 
called v)acke, which may or may not be vesicular. From its 
resemblance to the toad probably, it is called in Derbyshire, toad- 

Rem. The metaniorphic rock \a the vicinity of Baeton. aa lit Brighton and 
Hic^ham, is conterted inlo decided amygdaloid, without losing wholly its 
Isminaled etruetare. The same is the caae with the red sandatone lying 
beneath the greenstone near Connecticut river, la the latter case, hawever, 
the cavitiea are rarely fillad. 



Prismatic, or Cotwrnnar Structure. 

Dexr. One of the most remarkable characteristics of the trap 
rocks, is their columnar structure. This consists in the occasional 
division of their substance into regular prisms, with sides varying 
in number from three to eight, usually five or sis, whose length is 
sometimes not less than 200 feet. They are sometimes jointed ; 
that is, divided crosswise into blocks from one to several foot in 
length ; whose extremities are more or less convex or concave, the 
one fitting into the other. Usually these columns stand nearly 
perpendicular, and when worn away on the side, they present 
naked walla which appear like the work of art. They stand so 
closely compacted together, that though perfectly separable, there 
is no perceptible space between them. The thickness of the 
columns varies from one to five feet. 
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Rem. 2. llie columnai itnd trnppoEfl f puis of basalt nnd gteenatona have 
pi-odiiced Eiime of the inn t eniHikiiblB aoeiiery on the globe. Fingal'H Cava 
in tbe island of Stafta (one of the Wentei n Islanda of SootlandJ and tha 
Giant's Causeway in the uoith of Ixelnnd, are almost too well known to need 
description. Staffa is composed entirely of bsaalt with a thio soil, and its 
abores are for the most part a steep olitf, 10 feet high, foinied of columns. 
The cave is a chnam (in these columns). 42 feet wide, anri 231 feet long, 
formed by the action of the waves. The following sketeb, Pi?. 43, will con- 
^ eT in idea of the s'tuaf "on of the ciTe nnd of the gene: al sti otui e of the 
Inland 
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J'lg i4. gi^aa some idea oF the appearance of au overhanging groop of 
greenatona oolumns nt a place on Mount Holyobe in MasaftohusettB, whieh I 
have denfiiiiiiiKted TV/in's Piu^sn. The lower eud of the oolumns, several 
rows of wliisis [jri>i.'<'f. fver the obsorvei-'a licad, ai'e c.\ruliatei.l in sncli .i riinn- 
ner aa to pveaei.L „ .-^ Lryx aiii'fflce downwiii-ils. 
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Deser. The Qiaiit'e Oaosewaj eimsists of iuiio'egular group of pentagoaal 
columns, from oue to five feet tliiek, and from 20 to 200 feet high, jointed na 
usual Where the sea, bn9 had access lo tliem, theii' upper povtioua are 
worn away, irMie the lowei' part rem^e extendiDg an uuknowu diatmice 
beneath the wnves, and seeming the luiu of some aneieut 'n'orl; of art, too 
mighty for man, aud aerefore referred to the giants. Hece also is a eava 
of eonsiderabie eKtent. Geological Tratisactiotis, vol i, i^ew Seriea. 

Fig. 46, allows a mass of ti'ap columns ou the nortli shore of Laike Su- 
peiiur. Omen's Report 0/1852, p. 418. 

Rem. S. When a trap vein, or dyke, is columnar, the columns often lie 
horizontal, or rather perpendicular to the sides uf the vein; and thus ia 
produoed a wall of stones, regularly fitted to one another and laid up, ap- 
parently by man ; while often ii deeomposition of the surfaces of the blooks, 
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produces a pnwder raeemb og J a uteg ated morta A wall of thia so (, 
was to n erly d b ove ed □ Ro^van Coun j So Ih Ca o na, uh oh p o e te i 
above the ro L vh eh t trftvereed n eonseq snes of the deeay of he oek 
and it WRa for a, long t e nfiden y believed to be a wo k ot hu nan k II, 

E'oving the former e.iisteuee there of a powerful aud eivjliaed people, 
ykes of tliia deacriptLon are very common m tlie Stttta of Maine. Fig. 46, 
showe a column or dyke of tliia deaei'iption on Lake Superior. Oami'i He 
purf 0/1852, p. 403. 
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i & enst oe lun BtTiid i^ up gh ] j,ij ag Q 3 few de 

a e q jte oommoD in North An e aa and fin ru aoine of our nost a 
ogateieiy The moat extensive format on of tliia soit opj ears to be 
country weat of the Rocky Mou ta is, where the Cdumbia rivar 
through mountains of trap, {not improliably of basalt), from 400 to 
eet high ; and where BeTecal suooessive rowa of columns are euper-im- 
one upon another, separated by a few feet of amygdaloid, oonglomer- 
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ate, or bracda. Parker's Journal of an Exploring Tour beyond the Jtocki 
Muunlaini, p. 208. Ithaca, 1B38. 

The Palisadoea on the banks of Hudson river, are anotber eiample of 
gpeenelone oolunms. Thev exist also on Penobscot river ; and very perfect 
examples oeouron Mouat Holyoke and Tom, on Con neotiout river, an example 
of winch has beeu given in Fig. 44.. 

Prin. The columnar structure of the trap roeka, has resulted 
from a sort of crystallization while they were cooling under pres- 
sure from a melted state. 

Proof 1. Precisely similar eolunms are found in recent lavaa. 
Wonders of Gedogy, vol. 1, p. 248, 250, and vol. 2, p. 640. 2. 
Mr. Gregory Watt melted 700 pounds of basalt and caused it to 
cool slowly ; when globular masses were formed, which enlarged 
and pressed against one another until regular columns were tie re- 
sult. Bakewell's Gwlogy, p, 146, 

8, Serpentine. 

Descr. Serpentine is a mottled rock, the predominant color 
green, containing about 40 per cent, of magnesia. It sometimes 
retains traces of original stratification or lamination ; so that Dr. 
Maceulloch regards it as metamorphic, and places it botli in the 
stratified and unstratified class of rocks. It is elegant as an orna- 
mental rock, though not much used in this country, where it esists 
in immense quantities. 

DeKr. Diallage roek, wlncli is the eupholide of the French, the gabbre of 
the Jtahans, aod eome ophiolitu of Brongniart, is esseutiatly composed of fel- 

Siar and diaUage ; but it sometimes coiitaiuB serpentine, mica, aud quartz, 
ialliufeand serpeotioe are very nearly allied. Ophite is a green porphjritic 
rock wifb a base of hornblende and feispar, (the former greatly pi'edomiuat- 
iiig.) and containing orystala of hornblende. It passes into serpentine by a 
mixtiu'e with tale. Ophicalce (French), iS composed of limestone and serpen- 
tine, with talc and chlorite. Lluder this rock la arranged the beautiful «trd 
antique marble, such as occurs in Cfewbury and MiddleSeld in Massachusetts, 
and at New Harcn and Milford in Conneetieut. Brongmart's Tableau dei 
l^rraiitt, die. p. 32A. Cipolitt is a saccharine limestone which oontains mica, 
or tnic, as a coostitnent. This Cirms scTerul interesting varieties of marble. 
Hozet^a Traite Elementaire de Oeotogie, p. 18i, tome I. 

9. Lava. 
Descr. Lava, as remarked in another place, embraces all the 
melted matter, ejected from volcanoa; and the two minerals fel- 
spar and augite, constitute almost the entire mass of these pro- 
duets. When the- former predominates, light-oolored lavas are 
the result , when the latter, tie dark varieties. The former are 
called fels])atkic or trachytic, and the latter, avgitic or basaltic 

Rein. Other simple minerals occur in lava. Tims in the products of Vesa- 
riuB alone, not less than 100 species have been detected; but they form so 
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incoRslderable a part of the whole mass, as not to deserve consideration in a 
general view like the present. 

JDescr. •^rraciiytic lava corresponds iti moat of its characters to 
the traohjte of the older igneous rocks. When cooled under pres- 
sure, solid rock results ; but when oooled in the air, it is porous, 
fibrous, and light enough to awim on water, as is the case with 
pumice, large masses of which are fouTid sometimes in the midst 
of the ocean. Sometimes it is porphyritie, like the older tra- 

Descr. In like manner the basaltic or augitic lavas exceedingly 
resemble the more ancient basalt ; and are in fact the same thing, 
produced under circumstances a little different. When cooled 
underpressure, compact basalt is the result; hut cooled in the 
open air, they are scoriaceous or vesicular, and are usually called 
seorite. 

Descr. Graystone lava is a lead gray or greenish rock, interme- 
diate in composition between basaltic and trachjtio lavas ; but the 
felspar predominates, being more than 75 per cent. When albite 
takes the place of common felspar, the lava is denominated 
andesitit. 

Descr. Vilreoua lava haa a fraetui'e like glasa. Obsidian teems to be 
merely melted glasa. FUchslone ia less glasBj, with uji aspect more like 
pitch. It is visually composed of felspar and augite, and often pasBes jntfl 
basalt. Its compoaition however varies. 

Descr. The small angular fragments and duat of pumice, (whici 
is vesicular trachytic lava,) and of seorise, {which is vesicular ba- 
saltic lava,) which are produced by an eruption, falling into the 
sea, or on dry land, and mixing with sand, gravel, shells, &c. aad 
hardened by the infiltration of carbonate of lime or other cement, 
constitute the substance denominated tuff. When this rock occurs 
with trap, it is called trap tuff; and when with modern lava, 
volcanic tuff. If it contain large and angular fragments, it ia 
called volcanic breccia. When the fragments are much rolled, the 
rock is a tufaceous conglomerate. The basaltic tuffs are denomi- 
nated by the Italian geologists, peperino. A kind of mud is 
poured out of some volcanic craters, which forms what is called 

Descr. Soinetimes, especially at the great volcaoo of Kilawsa, on the 
Sandwich Islands, when lava is thrown into the air. the wind apins it out into 
threads, resembliog flai, and drives it against the sides of Ihe crater. This 
ia called volcanic glasa; and by the natives of Sandwich Islands. Prie'sAair; 
Pele having formerly been regarded as the prtsiding divinity of the volcano 
of Kilauea. 

Descr. Other substances ejected from volcanos are fragments 
of granite and other rocks, scarcely altered; cinders and ashes of 
various degrees of fineness, which are often converted into mud by 
the water that accompanies them ; also sulphur in a pure state ; 
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TfCrioas salts and aoida; Eind several gases; among which are the 
hydrochloric, sulphurous, and sulphuric aeids; alum, gypsum, sul- 
phate of iron and magnesia, chloride of sodium and potassium, of 
iron, copper, and cohalt; chlorine, nitrogen, sulphuretted hydro 
gen, &o. &c. 

Descr. The unstratified rocks, aa a general fact, aj-e more fusi- 
ble than the stratified ; and of the unstratified, the fusibility in- 
creases in passing from granite along the scale to modern lava. 
This is owing to the fact that the quantity of lime, and sometimes 
of alkali, is greater in- the more recent rocks; for these substances 
act as a flux. 

Magnetism of Rocks. 

Descr. Baron Humboldt I believe first pointed out the magnet- 
ism of a hill of serpentine, which he supposed to have only two 
poles, or to constitute one magnet. In 1815 Dr. John MacCulloch 
described a similar character in other rocks, as granite, porphyry, 
syenite, several kinds of slate and especially of trap. He advanced 
a step farther than Humboldt, and endeavored to show that several 
magnets existed in the same mass of rocks ; but he does not seem 
to have discovered their poles, although he gives a plate of the 
position of the magnetic needle over a surface of some 3,600 feet 
in diameter, in the third volume of the Transactions of the Lon- 
don Geological Society. 

Descr. Accident led me a few years since to discover some ad- 
ditional facts on this subject, which I have never published, because 
I have not found time to pursue my investigations as far as I could 
wish. But the following facts may be considered as settled, of 
which I have obtained many examples, from the .trap rocks of 
Mount Holyoke aod Tom in Massachusetts. In the first place, 
on the same continuous surface, of only a few square feet, we fre- 
quently find several distinct magnetic poles, either north or south, 
and sometimes both, within a few feet or inches of each other. I 
discovered this fact by placing a pocket compass upon the rock 
and moving it over the surface. Wherever a pole existed, the 
opposite pole of the needle would point to it, as the compass was 
moved around it. Fig. 47 represents a surface whose size may 
be learnt from the s<;tuares into which it is divided, each square 
being one foot. 

Ztesw. Another still more remarkable fact is shown upon this 
figure. Dotted lines are seen connecting some of these poles. 
Along those lines the needle continues reversed, just as it does at 
their extremities, or when it approaches an belated pole; the 
north end of the needle pointing to the pole if it be a south ooe, 
and the south end doing the same if it be a north one. In other 
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words, along these dotted lines there appears to be an infinite 
number of poles. Hence I call them Lines of Polarity. They 
are easily traced out by moying the compass over the surface, 

Descr. When in Europe I found no place where I discovered 
the rocks to he magnetic, save the trap rock of Arthur's Seat near 
Edinburgh. At the very pinnacle my compass showed several 
south poles, bat the attraction was not strong enough entirely to 
reverse the needle. 



Fig, i1. 




Magnetic Poles on Trap : Mi. Hotyohe. 



Descr. Among the hand speoimras in my cabinet, I find tlifl 
following to he possessed of polarity : 
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Vesicular Lava, Mount Etna. 

Stalftotical Lava, Vesuvius. 

Grreenstone, Pacashwah river, Upper Canada. 

Obsidian, near Mount Ararat, Armenia. 

Descr. Professor Parrot observed similar phenomena on tlia 
lava of Mount Ararat, 7,280 feet above tke ocean ; that is, he 
noticed that the needle changed its direction very much by moving 
it only a few inches, though he does not point out distinct poles, 
nor lines of polarity. Journey to Ararat, 1826, p. 264 to 268. 

Tkeo-retical Considerations. 1. It is obvious that the magnet- 
ism of rocks is not usually the effect of their containing iron. 
2, It is obvious that several magnets must lie side by side in the 
same continuous and often undivided mass of rock. 3. But how 
these magnete have been formed, especially with opposite poles on 
the same surface, and how lines of polarity have been produced, I 
am at present quite unable to explain. 



Relative Age of the Rocks. 

Prin. In the stratified rocks the relative age of the different 
groups is determined by their superposition; the lowest being the 
oldest ; but in the unstratified rocks, there is reason to believe a 
reverse order exists; that ia, the oldest member of the series lies 
immediately beneath the stratiQed rocks ; the nest oldest beneath 
this ; and so on, till we reach the lava of existing volcanos ; which 
probably comes from a greater depth in the earth than any other 
unstratified rocL 

lUus. Fig. 48, will more clearly illustrate this ^ropoBition. 

Prin. The ages of the unstratified compared with those of the 
stratified rocks, are determined by ascertaining how fax the former 
have intruded upwards among the latter. 

Ulv,!. It for instance, we never find the veins of a particular igneous rook 
shooting upward higher than the primary fosailiferous rocks, we may infer 
that il ia older thwi the seoonijary strata, but newer than the prunary; 
because the latter must have es:i3ted prior to the intrusiou of the unattatified 
rode. And so, if an igneous rock is intruded only into the primary and 
secondary strata, we may infer that it ia older than the ternary strata, nud 
newer than the secondair ; and so on wifh the groaps adll higher. Hence 
the igneous rocks, a, a, Ftg. 48, formed during the depoaition of the primary 
Btrata, whose veins extend no higher than those strata, may be called, (Co 
adopt the phraseology of Mr. Ijell,) the primary plutonic : those during tie 
deposition of the secondary strata, b. b, whose veins do not enter the tertiary 
series, the sucondary phUonic : those during the deposition of the tertiary 
strata, c, o, the iertiary plvtratU ; and lava from active voloanos, d, d, this 
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Section of Ike Relative Age of the Unslratijied Rocks. 

Descr. In reality, however, we &o not find varieties of unstrati- 
fied rocks whose veins are thus distinctly confined to each of the 
great classes of rocks, though there is evidence that volcanio 
agency was active during all the periods of their deposition. But 
the same igneous rook appears to have been ejeoted at dififerent 
epochs. Oranite, however, seems to have greatly predominated 
during the first or azoic period; and is found only occasionally 
during the secondary period ; though in a few instances (at Wein- 
bohla) syenitie granite has been protruded through the ohalk, but 
never among the tertiary strata. Porphyry appears to have been 
mostly confined to the period of the latest azoic, and the older 
fossiliferous (transition) rocks. Trap rock predominated in the 
secondary and tertiary periods, while volcanic rooks, in the oommon 
acceptation of the term, began to be protruded during the tertiary 
period, and continue to the present time. 
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Rent. It is obvious, tUat with tlie eiceptioo of Iflva, the above rule for da- 
termiaing tbe relative age of the etratined aod unstratiBed rocks, does oot 
ehow us when the latter began to be erupted, but only when their eruptions 
oeaeed. 

Inf. From the phenomena that hare been detailed respecting 
the iinstratified rooks, it has been inferred that the condition of 
the earth, both internal and external, muBt have been different at 
different epochs; so tm at one period to be peculiarly favorable for 
the production of granite and syenite, at another of porphyry, at 
another of trachyte, at another of baealt, and finally at another of 
the lava of extinct and active volcanoes ; and hence, that the older 
igneous rocks, (ex, gr. granite, syenite, &c.) are no longer pro- 
duced, except perhaps in the deep reeessea of the earth. 

Proof. 1. Thegre 
azoie than with the , , 

higher formatious. 2. The almost entire identity between the chemiiaU c( 
stitutioQ of granite and the hjpozoic atratiSed deposits, indicates sonje gene- 
ral and common cause for tbe origin of both ; while the difference of ultimate 
coBBtitution between granite and tbe newer stratified rooks, particularly in 
the greater qunnttty of lime in tbe hitter, indicates a difference of origin. 
8. Jhe gradual and insensible passage, on an extensiva scale, of granite mto 
gneiss, hornblende slate and mica slate, indicates some general cause for their 
productloD, and that the diversity existing between them has resulted from 
Bhghtly-niodifying circumstanees ; while no such trauBition of any conse- 
quence between granite and the newer stratified rocks h»a ever ijeen dis- 
covered.. 4. Granite and the trap rocks differ so much in chemical constitu- 
tion, as to ehov that they tnuat have originated from different masses of 
matter. Thug granite contains about 20 per cent, more of silica than green- 
stone ; about 8 per cent less of alumina ; 8 per cent, less of magnesia ; 7 per 
cent. Ipss of lime ; and two per cent, less of ojcide of iron. 6. 1'he correspon- 
dence between the chemical compoeition of tbe fossiliferous stratified and tbe 
trappean and volcanic rocks ; that is, wa find in both clasaeB a diminution of 
Bilica and an increase of alumina, ma^csia, and time. 6. In consequence of 
containing much more of silicate of lime, the trap roe^ are more fusible than 
the granitic: So if we admit that tbe internal temperature of tbe eartb has 
diminisbed, we might expect that the former would remain in a melted state 
after tbe latter had all been consolidated. Us la Bcche'a Theoretical Geology, 
p. 805, 

Opposite Hypothesis. Mr. Lyell maintains that nustratified roclis of every 
descciplion may now be forming at various depths in the earth, even in the 
same relative quantity as at any former period; and that the different de- 
grees of pressure and other circumstances under which the melted matter is 
cooled, are safficient to explain the differences of composition and lithological 
characters which they exhibit. It is not preteuded, however, that there is 
any positive evidence in favor of this supposition ; that is, none of these re- 
cent Plutonic rocks have aver been seen, iyeffs Eleniaita Geology, vol. 3 
p. 847, 

Prin. The age of the metamorpbic rocks is twofold ; first the 
^e of their deposition; secondly the age of their crystallization. 
To determine the first, we may sometimes follow the metamorphio 
wstion outward from the disturbing cause, say some eruptive rock, 
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till we reach that which is unaltered ; as may be done, for instance, 
in the Alps, and in many places in our country. Or if the meta- 
morphic rock underlies or overlies a known formation, we may be 
sure of its being older or younger than tie latter. In this way we 
decide that in general, gneiss, mica aiate, talcose slate, and hypo- 
zoic limestone, are . older than the Silurian rocks, because they 
have an inferior position. In the Alps, however, such rocks are 
known to be to some extent of the age of lias and oolite, and the 
period of their metamorphism is sometimes as recent as the eocene 
tertiary. This can be determined whenever we ca» ascertain the 
period of the eruptive agency that produced the metamorphism. 
Whether all the hypozoic rocks are metamorphic is a debateable 
point ; though it must be confessed that new proofs of extensive 
metamorphism are daily accumulating. JJyeWs Manual of Ele- 
mentary Geology, p. 481, 4th Edition. 

Geological Maps, and Sections. 

Descr. Common or physical maps form the basis of geologioa! 
ones ; and when the former are inaccurate, the latter must be so 
too. The chief difference between them is, that on a geological 
map the different rooks found in the region delineated are shown 
either by dots, crosses, circles, &c. or more usually by colors. The 
only exception is, that when the nature of the subjacent rock can 
be determined, drift is usually omitted. 

Descr. Some geological maps designate only the classes of 
rocks ; but these are very imperfect, and the best maps show the 
extent of each rock. 

Deicr. The dip of the strata, {wbiiji of course detarmiaea the etrike,) is 
BometiineB shown upon a geological map. This is usually done by an arrow, 
which poiut£ iu the direction of the inchaation. If the strata are perpeudicu- 
lar, it may be represented by the lines crossing af riglit angles, one of which 
is shorter thao the other. If the two linea are equal, ao as to form a crosa, 
they indicate korizuntal strata. An auticliaal axis is shown by a straight 
line crossed by an arrow with two heads. Where the strata undulate a good 
deal, tlie body of the arrow may be crooked. De la Beche't Jfanwu of 
Geologi/. p. 603, 

Dsscr. The following are some of the best geologioal maps that have been 
published: 1. Greenough's Map of England and Wales. 2. Knipe'a Geologi- 
cal and Railway Map of England in 1851. 3. Beaumont and Dnfenoy's map 
of France, i. Hoffman's North-Western Germany. 6. Oeyuhauaan's, la, 
Roche's aud Von Declier's Rhine. 8. Murchison's Map of Rassia iu Europe. 
7. Silurian System of Wales, by the same. 8. Geological Map of parts o( 
England, Wales, Scotland, and Ireland, brougbl out by the Ordnance Sur- 
vey. These are the most perfect aud minute esamples of geological ma[H 
eve^ published. 9. Map of a lai-ge part of Europe, broi^ht out by 3imon 
Schropp and Co., at Berlin, 1839. A imp of great beauty. 10. A Geologi- 
cal map of the whole Globe, founded upon obserrationa, so far as they have 
gone, and upon analogical reasoning as to oountriea un^tplored. It doubtlesa 
exhibits a tolerably correct outline of the geology of nine tenths of the globe- 
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It baB been reproduced in Johnston's Pbjs'ical Atlas, and ia my outline of the 
Geology of the Globe. 

BsscT. The first Geological Map of the Unltea States, or leather of the At 
lantic States, was esecuted by William Madeare with immense labor. 
The Geological Surveys iu several of the States have brought out inaps of 
MasaaehusettB, Khode Island, New Hampshire, Neir York, New Jersey snd 
Tennessee. From these Prof. Hall oouslrueted a map of the country as far 
south as North Carolina, and as far west as Mississippi river, and published it 
in his Report on the New York Survey. Subsequently Sir Charles Lyell 
published in his travels, a map embracing nearly all of the country east of 
the Rocky Mountains. More recently Mr. Marcon has nven a geological Map 
of the Uniteii Stales, and I have done the same in my Outline of tlie Geology 
of the Globe. 

Descr. A geological section represents a vertical cut in the 
earth's crust, so as to exhibit to the eye the rocks in their natural 
and relative situation. The most valuable sections of this sort are 
those copied from cliffs, on the sea-coast, or the banks of rivers. 
But usually it is necessary to construct them from what we can 
leam of the rocks and their dip at the surface ; presuming that 
they continue the same to the depth of the section. Such sections, 
therefore, are somewhat ideal; but if carefiilly constructed, we 
may be sure that we are not far from the truth. 

Deter. It is usually necessary to employ two scales iQ oonstrueting sec- 
tions ; one for heights, and the other for horizontal distances ; otherwise the 
sections must be of great extent, or the heights would be scarcely perceptible. 
On. the other hand, two scales produce distortion ; so that great caution is 
necessary, not only in the construction of sections but in drawing inferences 
from them. 
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jDfif. In all the stratified rooks above the hypozoic, more or less 
of the relics or traces of animals and plants occur, sometimes 
called petrifactions, but more commonly, organv: remains. 

Def. That branch of geology which gives the history of these 
remams, was formerly denominated oryctology; but is now called 



Rem. PalfBontology is now usnally limited by authors to fossil animals. 
iJut I prefer a meaning extended enough to embrace all organic rema'— 
whether animal or vegetable ; which is certainly consistent with the etji 
logy of the term {!r(aaiof,ouro,Xo70f.) Bt^erU Diet, i^ Terms in Seoioi_ 
Anated'i Geology, vol. 1, p. 64. Geology o/EtiaHa, by Murchison, ifcc. vol. S. 

I. Gtfieral Characters of Organic Remains. 
Descr. In a few instances, animals have been preserved entire 
in the more recent rocks. 
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Exam. About tlie begianinK of the 
OD elflpbaut VRS IbuDi] enciised in frc 

covered with hair and fur, aa Bome in the .Himalayah 

mountains. The drift aloDg the Bliort uean. abouniis with 

bones of the same Idod of animals ; I ly preserved. (7u- 

wer's Essay on the Theory of the E... , ^. .. _ _'ori, 1818. De la 

Bechs's Manual of Chnlogy, p. 200. in 1771, the entire carcnas of a rhino 

Ceroa was dug out of (he frozen gravel of the same country. BaketeeWi 
Geology, p. 831. 

Ikscr. Eretjuently the harder parts of the animal are preseryed 
in the soil or solid rook, scarcely altered. 

Rem. Many well-aulhentieated instances are on record, in wMeh toads, 
anakes, and lizards, have been found alive in the solid parts of living trees, 
and in solid I'ocks. as well as in gi'avel, deep beneath the eucfoce. But in 
these inatimaes tlie animals undoubtedly crept into anch places while young, 
and after being grown could nut get out. Being very tenacious of life, and 
probably obtaining some nourishment iicciisionuly by seizitie upon insects 
that might ci'awl into their nidus, they might soinelinies continue alive even 
many years. But such examples cannot come under the denomination of 
organic remains. See an interesting paper on this subject by Dr. Buckland, 
m the American Journal of Science, voL 23, p, 272. 

Descr. Sometimes the harder parts of the animal are partially 
impregnated with mineral matter ; yet the animal matter ia atiU 
obvious to inspection. 

Descr. More frequently, especially in the older secondary rocka, 
the animal or vegetable matter appears to be almost entirely re- 
placed by miners matter, so as to form a geauine petrifaction. 

e, however, a chemical process would show 
of a' Former World, vol 2, p. 2"84. 

Descr. Sometimes after the rook had become hardened, the ani- 
mal or plant decayed and escaped through the pores of the stone, 
so as to leave nothing but a perfect mould. 

Descr. After this mould had been formed, foreign matter has 
sometimes been infiltrated through the pores of the rock, so as to 
form a cast of the animal or plant when the rock is broken open. 
Or the cast might have been formed before the decay of the ani- 
mal or plant, 

Descr. Frequently the animal or plant, especially the latter, is 
so flattened down that a mere film of mineral matter alone remains 
to mark out its form. 

Descr. All that remains of an animal sometimes ia its track im- 
pressed upon the rock. 

Descr. The mineralizer is most frequently carbonate of lime ; 
frequently ailica, or clay, or oxide or siuphuret of iron, and some- 
tjmes the ores of copper, lead, &c. 
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a. JSature and Process of Petrifaction. 

Def. Petrifaction eoDsista in the substitution, more o 
p!et«, by chemical means, of mineral for animal or 
matter. De la Bech^s Theoretical Geology, Chapter 1 

Descr. The process of petrifaction goes oa at the present day to 
some extent, whenever aa. animal or vegetable substance is buried 
for a long time in a deposit containing a soluble mineral substance 
that may become a mineralizer. 

Sxanu I. Claj containing sulphftta of iron, will, in a few years, or even 
montliE, produce a very perceptJble cliiuige towa,rd3 petrifaction in a bone 
buried in it BttkeweU'a Geology, p. 19. Some springs also hold iron in 
aolution ; and vegetable matters are in the prooeaa of time thoroughly 
ohnnged into oiide of icoQ. This is seen often where bog iron ore is yearly 
depositing. 

Mxam. 2. M, Goppert placed fera leaves carefully In clay, and exposed tha 
clay for some time to a red heat, when the leaves were made to resemble 
petrified plants found in the roeks. Wonders of Qeoloffg, vol, % p. 561, 

Hypothelicai Eiam. 3, M, Patrin and Brougniart suggest that the petri- 



fying process may sometimes ba effected " suddenly by the combination of 
- — 'Iswithtl " • ' -' -^- - --' -" "■■ ■ -.^".. 



gaseous fluids with the principles of organic etrueturea," Wonder) of Oto- 
logy, vol. 3, p. 659. Some facts render this probable. For stems of a soft 
and aueonlent nature are preserved in flint ; and the young leaves of a palm 
tree in a state just about to shoot forth, bave been found completely ailicified. 
Lyelts Elements of Geology, voL 1, p. 83. 

Theory of Petrifaction. In all eases of petrifaction, chemistry 
acts a part. In many instances galvanism and electro-magnetism 
are concerned; especially where the organic substance is converted 
into crystalline matter. The juxtaposition of mineral matters 
forms ^vanio combinations, that produce the recjuisite currents, 
Oour Elementaire de Palemitologie et de Geologic i^c, par M, Al- 
oide D'Orbigny, tome 1, p. 50, This work is one of the ablest 
that has ever appeared on the subject of Palseontology. 

3. Means of determining the Nature of Organic Remains. 

Prin. The first requisite for determining the character of 
organic remains, is au accurate and extensive knowledge of zoology 
and botany. This will enable the observer to ascertain whether 
the species found in the rocks are identical with those now living 
on the globe, 

Prin. The second important requisite is a knowledge of com- 
parative anatomy; a science which compares the anatomy of 
different animals and the parts of the same animals. 

Rem. 1. This recent science reveals to na the iatonishing fact, that so 
mathemaUoaUy exact is the proportion between the different parts of an ani' 
mal, " that from the character of a single limb, and even of a single tooth, or 
bone, the form and proportion of tlie otber l«nes, anil the condition of the 
entire animal, may be mfeiTed,"— " Hence, not only the frame-work of tha 
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foBsil BkeleioD of an extinct aoioial, but alao the cliaracter of the muscles, by 
■whioli each bone was moved, the external form and figure of the body, the 
food, and babita, and haunts, and mode of life of creatures that ceased to 
*xist before the creatioa of the bumoji race, can witJi a high dpgree of pro- 
bability be ascertained." BucklanSa Bridgeiaater Treatise, voL ), p. 109. 
See, also, Oaiiiei'a Oasemena Fossilea, tome 1. p. 47, Troiaiemg Mdition. 

Rem. 2. It ia clear from the preceding statement, that no individual can 
hope to possess in himself all the requisites for successfully determining or- 
f;anie remains. For the field is too large for aor one to hope to beeorae 
familiar with all its parts. Hence, at this day, it is customary for the geolo- 
gist to resort for aid to the boCaniel;, the zoologist, and the compacatire 
aoatomiet. 

4. Classificatwn of Organic Remaim. 

Prin. Organic remains may be divided, according to their 
origin, into three classes: 1. Marine. 2. Freshwater. 3. Ter- 
restrial, 

Rem. 1. The last class appear in laotit instances vhere tbey occur, (o have 
been swept down by streams from their original situation into estuaries ; 
where they were mued with marine relics. Sometimes, perhaps, tliey were 
quietly submerged by the subsidence of the laud. 

Rem. 2. "Die following table will show the origin of the remains in the 
di^reat groups of fossiliferous rocks. 

Oambnau and Silurian Systems ) Marine, 

(Qraywacke.) ) Harely Terrestrial 

Old :Rcd Sandstone. Marine 

Carboniferous Limestone. Do, 

Coal Measures. Terrestrial Estuary Deposits 

and submerged land. Karely perhaps fresh water depoeits. 

New Eed Sandstone Qroup. Marine. 

Oolltiu Group. Mostly Marine, 

but in a few instances, Terrestrial. 

Wealden Kocke. Estuary Deposit. 

Oretaceous Qronp. Marine. 

Tertiary Strata. Marine and Freah Water. 

Alluvium. Every variety of origin. 

Jnf. It appears from the preceding statements, that by far tie 
greatest part of organic remains are of marine origin. Nearly all 
the terrestrial relics indeed, and many of fresh water origin, have 
been deposited beneath the waters of the ocean. 

5. Amount of Organic Remains in the Earth's Crust. 

Descr. The thickness in feet of the fossiliferons strata in Great 

Britain, as ^ven in the tabular view of the stratified rocks, is as 
follows : 

Tertiary, 2,000 feet 

Chalk, 1,600 do. 

Wealden, 900 do. 

Oolite, 3,000 do. 

Idas, COO to 1,000 do. 

Upper New Rod. 1,200 do. 
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Lower Hew Red, 800 do. 

CarboniferouB System, 3,100 to 18,600 do. 

Old Red Sacdstone, 8,000 do, 

Silurian Rocks, 31,500 do. 

Total, 56,450 feet; or 10,7 milea. 

Bern. ]. We have already aeen that Prof, Rogers makes the foBailiferoiw 
rooke in this oountiy below the top of the coal measures, 40.000 feet thicfe. 

Vescr. Organia remains occur more or less in all the foaailifer- 
ous strata whose thickness has been given. As a matter of fa«t, 
they have been dug out several thousands of feet below the present 
surface. 

Descr. In the Alps, rocks abound in organic remains from 
6000 to 8000 feet above the level of the sea; in the Pyrenees, 
nearly as high ; and in the Andes and the Himalayas, at the 
height of 16,000 feet. 

Descr. Freijuently beds or layers of rock, many feet in thick- 
ness, appear to be made up almost entirely of the remains of ani- 
mals or plants; Indeed, whole mountains, hundreds and even thou- 
sands of feet high, are essentially composed of organic matter. 

De&cr. Prodigious accumulations of the relics of microscopic 
animals are frequently found in the rocks. 

Exam. 1. From leas than 1.5 ounce of atoae, in Tussaoy, Soldani obtained 
10,464 chambflred sheila : — *00 or fiOO of these weighed only a single grain ; 
Bud of one specieB it took 1,000 to make that weight These were oaiine 
shells. Bucklan^a Bridgemater Treatise, vol 1, p. 111. 

JExiaii. 2. In f^-eah water accumulations a microscopic CFUStaceous animal 
ealled the cypris, often occurs in immense quantities; as in the Hastings 
sand and Purbeck limeetone in England, where strata 1,000 feet thick are 
filled with them ; and in Auvergne, where s. deposit 700 feet thick, over aa 
area 20 mllee wide and BO in length, is divided into layers aa thin as paper 
by the exuviie of the cypris. 8ame Work, p. 118. 

Exam. 8. But perHapa the most remarkable example is that derived &om 
the recent discoveries of the FruBBiaa natoralist Ehreoberg, respeeting the ' 
foesil remains of animaloula. la one place in Germany is a bed 14 feet uilek, 
made np of the shields of animaleula so small, that it requires 41,000,000,000 
of them to form a cubic inch \ and in another place, a similar bed is 28 feet 
thick. In Masaaohuaetts, are numerous beda composed of theailiceous shields 
of infusoria (of a somewhat larger size than those mentioned above), many 
feet in thickness; and simUaF beds occur all over New England and New 
York. . Recently deposits of these carapaces or shields, have been diseoveced 
by Prof. Wm. B. Rogers in the tertiary strata of Virginia, extending over 
large areas, and from 12 to 2S feet thick ! Repiirt on the Otology of Virginia, 
for 1840, p. 28. 

Descr. It is a moderate estimate to say, that two-thirds of the 
surface of our existing continents are composed of fossiliferous 
rocks ; and these, as already stated, often several thousand feet 
thick. 

Sem. I, This estimate might, without exaggeration, be confined to strata 
that contain marine ezuvisa ; — that is, such as were deposited beneath the 
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Jlem. 2. After all, tlie preceding statements convey bnt a very imperfect 
idea of tbe amount of organic relics in the rocks. To obtain a just concep- 
tion of their vast amoimt, a person must visit at least a few loeaiities. 

6. Distrilutian of Organic Remains. 

Descr. Esiatmg animals and plants are arranged into distinct 
groups, each group occupjing a certain district of land or water ; 
and few of the species ever wander into other districts. Those 
diatr iota are called zoological and botanical provinces; and very 
few of the species of animals and plants which they contain, can 
long survive a removal out of the province wliere they were origin- 
ally placed ; because their natures cannot long endure the differ- 
ence of climate and food, and other changes to which they must be 
subject. 

I>fser, Although, naturalists are agreed in maintaining the eiistcnee ol 
such provinoes, yet they have not yet settled their exact number ; because 
yet ignorant of the plants and auimals in msny parts of the earth. Besides, 
the provinces interfere with one another ; and a single large province may 
embrace several minor ones. This is pavlieuWly the ease with animala. So 
that zoologists divide them £rat into Mngdoms, and these into provinces, aa 
follows: 1. The first kingdom embraoes Europe, which is subdivided into 
three provinces. 2. The second liiugdom comprises Asia, divided into five 
provinoas. 8. Australia, one kingdom and one province. 4. Africa, with the 
islands of Madagascar, Bourbon, and Mauritius ; one kingdom and one 

Srovinee. 6. America, one kingdom and four provinces. In all, five king 
cms and fourteen provinces. Johniton's PliyHcal Atlas, p. 76. Philadel 
phia, 1850. 

Peser. The most approved division of the floras is that of Professor 
Sohouw. He makes tweuty-five regions called pbytu geographical The ar- 
rangement depends on tbe natural classification. Thus the Region of Mosses 
and Saxifrages embraces tbe north polar regions as far south aa the trees, and 
the upper part oftbe mountains of Europe. The Region of Cactuses and Pepper 
embraces Mexico and South America to the rivet Amazon. The Begion of 
Palms and Melastomas embraces that port of South America east of tbe 
Andes, between the equator and the tropic of Capricorn. Johnston's Phys- 
ical Allas,'p. 66. 

Descr. A few species seem capable of adapting themselves to 
all climates. This is eminently true of man, whose cosmopolite 
character is so marked, and his ability to adapt himself to different 
climates and circumstances so dependent upon his superior men- 
tal endowments, that the distribution of the different races of the 
hitman species cannot be accurately judged of by that of any other 
species. See Latham^s Natural History of Man. 

Deacr. Sometimes mountains and soinetiines oceans separate these districts 
on tbe land. In tbe ocean tbey are sometimes divided by currents or shoals. 
But both on land and in the water, difference of climate forms the most effect- 
ual bsj'rier to the migration of species ; sinee it is but a few species that 
have the power of enduring any great change in this respect. 
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Descr. In some instances, organic remains are broken and 
ground by attrition into small fragments, like those which are now 
accumulating upon some beaches bj the action of the waves. Bat 
often the most delicate of the harder parts of the animal or plant 
are preserved ; and they are found to be grouped together in the 
strata very much aa living species now are on the earth. 

lllas. In a tossiliferouB formation of aaj oonaidorabla thickness, we usually 
find Bomewhat such an arran^meDt as the fuUowiag. Tbe whole is divided 
into many diatinct beda of different tbiclmess. At tlie bottom, perhaps, wa 
ghall find a layer of argillaceoue or siliceous rock, with few or no remains ; 
then will auc«eed a, layer, perhaps calcareous, full of them iu a perfect state ; 
next a layer of sand oi' clay, or limestone luntaining none ; nest a layer made 
up of the fragments of rocks, animals, and plants, more or less comminuted ; 
next a layer of fine olay ; then a layer abounding in reniaius. And thus shall 
we find a succession of changes to the top of the series. 

Inf. From these facta it is inferred, that for the most part, the 
imbedded animals and plants lived and died on or near the spot 
where they are found ; while it was only now and then, that there 
was current enough to drift them any considerable distance, or 
break them into fragments. As they died, they snnk to tbe bottom 
of the waters and became enveloped in mud, and then the pro- 
cesses of consolidation and petrifaction went slowly on, until com- 
pleted. 

£aH. 1. So very qiuetly did the deposition of the fossiUterous rocks pro- 
ceed in some instances, that the skeletons and indusia of microscopio animals, 
BB we have seen, which tbe very slightest disturbance muat have crushed, 
are preserved uniDJured ; and frequently all the shells found in a layer of 
rock, lie in the same position whieh sunilar shells now assume upon the 
bottom of ponds, lakes, and the ocean; that is, with a particular part of the 
shell uppermost. 

Rem. '2, Were the bottom of our CKisting oceans and lakes, where mud, 
land, and gravel, have been accumulating for ages, and enveloping the ani- 
mals aud pants that have died there, or been drifted thttber, were this to be 
now elevated above the waCers, we should find exactly snoh an arrangeraent 
of organic remains, as we find in a particular formation of the solid rooks. 
Wliile there would be a resemblance between the relies in different seas and 
lakes, there would be great specific diversity ; just as we find in different 
gronps of rocks in different countries ; and hence the conclusion seems fair, 
that these rocks with their contents had an ori^n similar to the deposita 
now formiug at the bottom of existing bodies of water. 

Sem. 3. In the existing waters we find that different animals 
select for their habitat different kinds of bottom ; thus, oysters 
prefer a muddy bank; cockles a sandy shore ; and lobsters prefer 
rocks. So it is among the fossil remains ; an additional evidence 
of the manner in which they have been brought into a petrified 
state. Phillips Geology, p. 53. 

Frin, There is reason to believe that the temperature of the 
globe in early times was much higher than at present, and of course 
more uniform over its surface; and hence the range of particular 
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Bpecies of animals and plants might then have been more extensiTe 
than at present; and the number of botanical and zoological 
provinces less numerous; and this inference is sustained by the 
facts of fossil geology. 

Descr. From the researches of Prof. B. Forbes in the Egean 
Sea, it appears, first, that increase of depth has the same kind of 
effect upon the marine animals, as increase of height has upon 
those on dry land, that is, the animals become more and more like 
those of a colder climate. Secondly, that most marine animals 
and vegetables inhabit particular localities, which at length become 
unfit for their abode, and they emigrate or die out. Thirdly, that 
species ranging widest in depth range farthest horizontally. 
Fourthly, below 300 fathoms, deposits of fine mud are going on 
without organic remains, beoause aniibals do not live there. 
These conclusions correspond to the manner in which organio re- 
mains occur in the rocks. Ansted's Geology, vol, l,p, 497. Re- 
port of the British Association for 1843, p. 2. 

Prin. In comparing organio remains from difierent formations, 
it should be recollected that they may belong to the same class or 
order, or genus, and yet be widely different from one another ; and 
that it is oniy when they are of the same species, that they are 
identical. 

Descr. If we compare together the remains of the cretaceous 
formation, the red sandstone formation, the carboniferous syateni, 
and the Silurian formation in different parts of England, wc shall 
find that those most remote from one another in locality, difier 
most widely; but almost withont an exception, those in each for- 
mation are specifically distinct from all those in the other forma- 
tions. PkiUips^ Qealogy, p. 51. 

Descr. If wc compare the fossils of the tertiary and secondary 
classes of rocks, we shall find that they have scarcely any species 
common, so far as has been yet ascertained, either of animal or 
plant. LyeWs Prin. Cfeol., vol. 1, p. 205. 

Descr. If we examine a formation through its whole extent, 
we shall rarely find that any species of organic remains is univer- 
sally diffused, unless the extent of the formation be quite limited. 
If WQ compare the same formation in different oonBtries, the speci- 
fic resemblance between the organic contents will diminish nearly 
in the inverse ratio of the distance between them. Phillips' 
Treatise on Cfeology, from Ency Britt., p. 52, 

Bxam. la I^;pl the cretaceous rocks contain different fossils from the 
chalk of Englauil ; and the same is truu of the chalky racks oa the Bouthera 
fioes of the Alps. More than a huudred epades of organio relics hare been 
described m the rooks of the United States, which ar&suppofled to correspond 
with the olmlk formwioD in Europe ; yet only two or three epeoies are iden- 
tical Mortan't Bynoptit of the Organic Bemaiaa of the Orelaarnu Group 
of the United States, p, 83. Phiiaddphia, 1834. Phillip^ Oeotoay,V- 166. 
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Rem. In a few instances, particular speciea have a vecj wide difllisioQ in 
CDntemporaneous rocks. Ihe BeUncnitet mvcronatut a found in nearly every 
Ghalk depoait in Europe. The trilobite, Calymene Bhanenhaehii, and tha 
coral, Calenipora, nre found nt most localities of Silurian limeetone in Europe 
and North America. 

PHn. Families and genera that were contemporaries, appear to 
ha¥e had a very wide geographical diffusion, as they haye among 
existing animals and plants;, but for the most part, species occu- 
pied hut a narrow geographical area. Phillips' Treatise on 
Geology, p, 53. 

^xam. Speoifioallj uolilte ns are the organic contents of the cretdoeoua 
formationa in Europe and Koi'th America, yet the aame genera (ex. gr. Eso- 
gyra, Gryphtea, Baeulitee, Belemiiitee, Scaphites, and Ammonitea) abound, 
and even between tlie apeeieB there is a close analogy. 

Prin. Judging from the distribution of living animals and 
plants, contemporaneous formations in widely-separated portions 
of the globe may contain organic remains very much alike, or very 
much unlike. 

Illtii. Comparing tha marine animals on the coast of the United States with 
those on the shorea of Europe, we find at least twenty-four spedes of sheik 
common to both, and no reneon can be asBigncd why as close a resemblance 
might not have existed at earlier periods. Morion's Synopiis.v, 83. On 
the other hand, how unlike are the animals and plants of New Holland and 
its coasts, to those of Europe or the United States. 

Prin. Roeks agreeing in their fossil contents, may not have 
been contemporaneous in their deposition. 

Proof, The causes that have produced changes of organic life may have 
operated sooner upon aome parts of the globe than upon others, so that par- 
ticular animals and plcuts may have continued to be Jepoaited in some spots 
longer than in others. 

.Hflii. Probably, however, such a diversity hi different parts of the globe 
could not have oontmued very long-, so that rocks with the same organic re- 
mains may be regarded aa not differing greatly in age; and besides, aa 
already stated, there is reason to suppose that in earlier times there wrb 
greater uniformity of climate and condition on the globe than at present. 

Inf. From all that has been advanced, it appears that an iden- 
tity of organic remains is not alone sufficient to prove a complete 
chronological identity of rocks widely separated from each oUier ; 
but it will show an approximate identity as to the period of their 
Ition ; and in regard to rocks in a limited district, it- will 
jomplete identity. 



Proof, Identity of organic remains proves only the e: 
Mnditions as to dimate, food, &a, ; but in remote regions 



conditions as to dimate, food, &a, ; but in remote regions of the globe these 
conditions may have esiated at different periods, though not probably sepa- 
rated by long intervals ; and therefore the identity is approximate ; that is, 
depoaita containing the same organic remains weie produced at eras not 
widely remote frOm each other. But m respeot to limited regions of a con- 
tinent, much difierence of climate could not have existed at Uie same time ; 
and, IJierefore, an identity of organic remains proves the synchronism of the 
deposits containmg them. 
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Prin. If th mm 1 ha a t f two rocks agree, as well as 
their organic c nt nt th yn h m will be shown to be more 
probable. Bit n th th li d want of agreement in the 
mineral cliaraet ugl t n t to b garded as proof that they 

were not contemp an us 

Proof. The minerHl composition of rocks, forming in rtgions very remote, 
must have been aubjeot to as great diversity as their organic contents. But 
if their minei'al oompoaition is the same, it increases the probability of their 
sjnchronal deposition. 

Prin. Still stronger evidence of synchronism is obtained when 
rooks agree in their superposition, as well as in the charaeters 
above named. This eharaeter, indeed, when it can be applied, is 
very conclusive ; but in remote regions it is applied with great 
diffieuUj- 

MenL The identification of strata iu widely-separated regions is one of the 
most difficult problems in geology ; and one where there is great room for 
the play of fancy. De la Seeke'a Theoretical Geology, Chapters 11, 12, 18. 
Li/eiVs Elnnenis of Geology, Chapter is. yoL 1. 

Nuntier of Species that have been found Pbssil. 

Descr. About four years ago, Professor Bronn of Heidelberg, 
published an Index PaUontologicus, or catalogue of all the known 
species of organic remains. The number was 26,421 ; of which, 
2,055 are plants, and 24,366 are animals. And sinee, not far from 
a thousand species are yearly added to this list; we may reckon 
the number in 1853, at 30,000 in round numbers. 

Descr. The following table shows the distribution of these or- 
ganic remains through the different rocks ; that is, the number of 
species in the various formations, as they are given by Bronn. I 
have reduced the number of formations into which he has divided 
the rocks, and used the names usually applied in Great Britain 
and this coimtry. His names for the animals are not always such 
as are most common in English aoological works ; yet I could not 
change them without danger of error; though in some instances I 
have omitted his subdivisions and added synonymes in others. 

Descr. The work here attempted by Prof. Bronn is a very 
difficult one, and the numbers he has given can be considered only 
an approximation to the truth, on account of the difficulty of 
deciding whether the same species has not sometimes been de- 
scribed under different names. 8o that probably the numbers in 
the table are larger than they ought to be, or were four years ago. 
For they probably fall short of the truth at the present time. 

Descr. In the last column but one, the whole number of fossil 
species in the rocks is given. But these numbers are not obtained 
by adding together those in all the columns; for many species 
occur several times, or twice at least, iu the aeries. The object of 
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110 SPECIES THAT HAVE BEEN JOUKD FOSSIL. 

thin last column but one is to givo the actual number of species in 
a. fossil state ; and notwithstauding^ the sonroea of error aboye 
alluded to, they do probably present us a close approsimation to 
tbe actual numbers known to science in the year 1848. 

Descr. J have made a few additions to the numbers given by 
Prof Bronn, He gives no plants, for instance, below the Devo- 
nian System. I have added the four fucoids described by Prof. 
MeOoyiathe British Palaeozoic Fossils, Plate 1 (1851); also the 
four species described in the lower fossiliferous rocks of this coun- 
try by Prof, Hall, and one other from Norway. These doubtless 
fall far below the true number; as tlie fucoids have been but 
poorly described, and are moreover very obscure. I have also 
added one species of Chelonian to the Devonian system from its 
footprints, and one Batrachiaa from its skeleton, found in the old 
red sandstone of Scotland, and described by Dr. Maiitell (I/yelPs 
Manual.'^, is. and x., postscript) : also sis species of Batraohians, 
and twenty-three species of birds from their tracks in the trias of 
the Connecticut valiey in New England. These all make an ad- 
dition of only forty species. 

Descr. The last column in this table gives us the number of 
living species of animals and plants hitherto described. It is con- 
siderably loss than some authors have made it. Some place the 
number of animals that live on the globe as high as two millions of 
species, and the plants as high as 134,000 : though such estimates 
are hypothetical, Bronn mentions only such as have been actually 
discovered. 

Rem. This table shows the interesting fact, that in several 
classes of animals more fossil species have been described aiready 
than are known to exist on the globe ; as, for instance, the whole 
class of Kadiata and Mollusea ; also the Polypi, Bryozoa, An- 
thozoa, Eohinodermata, Peleeypoda, Cephalopoda, Entomostraca, 
&o. This is what we might expect if several distinct economies 
of life have flourished and passed away since organized beings were 
first placed on the globe; and future discoveries of new species 
will doubtless show it to be true of most of the tribes. 

Inf. 1, From the preceding table we learn that all the important 
classes of animals and plants are represented in the different for- 
mations. 

Inf. 2, Hence we learn that the hypothesis of Lamarck is 
without foundation, which supposes there has been a transmutation 
of species from less to more perfect, since the beginning of organic 
life on the globe; that man, for instance, began his raee as a 
monad, (a particle of matter endowed with vitality,) and was con- 
verted into several animals successively ; the ourang-outang being 
his last condition, before he became man. JjyeU's P-rin. GeoL 
vol. 3, book 3, where this subject is treated ably and fully. ■' Tha 
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Sauroid fishea," says Dr. Buckland {Bridgewater Treatise, vol. 1, 
p. 294,) " occupy a higher place in the scale of organization than 
the ordinary forma of bony fishes ; yet we find esampleaof Sauroids 
of the greatest magnitude and in abundant numbers, in the car- 
boniferous and eecondary formations, whilst they almost disappear 
and are replaced by leas perfect forms in the tertiary strata, and 
present only two genera among existing fishes. In this, aa in 
many other cases, a kind of retrograde development, from complex 
to simple forms, may be said to have taken place." 

Inf. 3, We learn, however, that in the earlier periods of the 
world, the less complex and less perfect tribes of animals and 
plants greatly predominated, and that the more perfect species 
became more and more numerous up to the creation of the present 

Frin. Vegetable life must have commenced on the globe as 
early as animal life ; and facts establish this theoretical inference. 

Proof. 1. Plants are neoessary for the food of animals. 2. Fu- 
ooidal plante occur in the Shiddau Slates of England, regarded by 
Prof Sedgwick as the oldest fossiliferous rocks in &reat Britain. 
{quarterly Journal of Geol. Soae(y, August 1848, p. 221.) "The 
earliest formed palaeozoic strata in Russia, as in Scandinavia," 
says Sir R, Murchison, "are characterized by fiicoida only." 
{Geoiogy of Russia, vol. 1, p. 36.) Prof. Sedgwick considers the 
Gordia marina, described by Prof. Emmona in the Taconio rocks 
of New York, as a plant. Prof. Emmons describes it as allied to 
the Gordius, or hair worm. Taconic System, p. 24. 

Descr. The earliest plants that have been found are marine ; 
and at that time probably only marine animals existed to feed 
upon them. A few land plants, however, have been found aa low 
as the Upper Silurian, according to Prof Vanuxem. {Final Re- 
port cm the Third District, p. 184.) In the Devonian period 
monocotyledonous plants were considerably numerous, according 
to the preceding Tabular View. 

Descr. The family of coniferous plants is found in the earliest 
rocks containing plants, and at each succeaaive change in the phys- 
ical condition of the globe, the number of its genera and species 
increased, until ^t forms among existing plants about one three- 
hundredth part of the whole flora, or nearly 200 species. Palms 
also occur, though sparingly, in all the formations. 

Descr The 1,100 species of fossil plants found in and beneath 
the carboniferous strata, are two-thirds tree ferns and gigantic 
Bquisetaceas. ConiferEe, and plants intermediate between these 
and Lycopodiaoese, viz. Lepidodcndra, SigiUaria, and Stigmarise, 
together with Monocotyledonous plants, form the remainder. 
manteU'.i Wonders of Geology, vol. 2, p. 568. 

Dfssor. Of the 400 species found between the carboniferous 
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112 THE DlSTItlBrXIOM OF TLABTS. 

strata and the tertiary groups, one third are ferns ; and most of 
the remainder are Cjcadese, Coniferie, and Liliaceie, More of the 
firat-named family have already heea found fossil, than exist at 
present on the globe. They form more than one-third of the en- 
tire fossil flora of the secondary formations ; but less than the 
2,000th part of tJie existing flora. 

Descr. The plants of the tertiary strata approximate closely to 
the existing flora, 

Desar. Below the new red sandstone vascular cryptogamise, or 
the more perfect flowerless plants, greatly predominate, while 
dicotyledonous plants are rare. In the secondary strata above 
the coal, there is an approach to equality between these two 
classes; in the tertiary strata the latter predominates; and in the 
existing flora, two-thirds are of this class. Buckland's Bridge- 
water Treatise, vol, 1, p. 520, 



7. Periods in which different plants and animals began to appear 
on the Globe, and in which some of them became extinct. 

Frin. In general, plants and animals began to exist first on the 
globe during the period when the lowest rock in which their re^ 
mains are found, was deposited. 

Procif. \. Those animals and plants are excepted that are too 
friul to be preserved in the rocks; but in respect to all others, no 
reasoD can he assigned why their remains should not be found 
along with those of other organic beings existing at the same 
period. Particular species, from being less numerous, or being 
less likely to get enveloped in deposits formed by water (aa birds 
for instance), may be rarely found in the roclra ; and therefore, we 
should not be hasty to infer that a species did not exist, because 
we have not discovered its remains. But if a formation has been 
pretty extensively examined, the presumption is strong that few 
new species will be found in it. 

2. Comparative anatomy here comes in to our aid. For it ia 
found that certain types of organic existence characterize particu- 
lar geological periods ; and having ascertained the type for any 
particular period, we may infer with great certainty that an animal 
or plant of a very different type will not be found among the or- 
ganic remains of that formation. Thus, we find in general the 
fossils of the carboniferous group to have been adapted to a cli- 
mate of a tropica! character ; and to expect to find in that group, 
animals or plants adapted to a temperate climate, would be un- 
reasonable ; because the two tribes could not have existed in the 
some climate- 

DtKT. The following table is the order in which some of the 



Hcssdb, Google 



113 



mOBt important animals and plants have first appeared on tho 
globe; in other words, the epoch of their creation. It may in- 
deed, be hereafter found, when the rooks have been more exten- 
sively examined, that some appeared earlier, 

fEchiuoderroata, Aanelida, Zoupbyta, Crustacea, 
EntomoBtraoa, Broehiupoda, Cephttlopoda. 
Marine Shells. 
Orusiaeea, (Trilobitee.) 
Mshei — Placoidians aod Ganoidiana, (Sauroida 
and Sharks,) also those vntb heterocercal 
tiah. 



Devoniaa Period. 



Carboniferous Period 



Liasuo aad Oolitic Period. 



Batracliiaaa, Cheloaiane, fitkes, (Oepbalaspia, 
Cbirolepis Ae.) abuadaot and peculiar. 

S^tiles, Saurians, peculiar Fishes: Araekni- 
dani, Buoh aa Scorpions ; Iitstcls, as Curcil- 
lionidse; J<Yeah Waler Sheila; Infiisoria: 
Dicotyledomrus I'lanli ; Cooiferae. Cjeadea : 
Moaocotyledonoia J'lanta, Palmae, Scita- 

^ Thecodont Sauriana. 
ifammalia: Miorolestes ^tiglius, tra<!lis of 

Birds. Tortoises, and Ohirotheria or gigantic 

BatraeliiaDS, (Zaii/Tinthodon.) 
Jieptiles ; Monitor, Phy toaauruB, Ichthyoeaurus, 

Pleaiosaurus, Thocodontosaurus, Palieosaurua. 
Oruitaceat Palinurus. 
Mihea : Falasonisaus, <tc. 
XUcptyledontnu Plants. Voltma, Jic 
' JUammolia ; (Marsupials) Tb jlacotherium, and 

Phaseolatheriutn, (Didelphys of Buckland.) 
Reptiles : Saurocephalus. Saurodon, Teleosau- 

rus, SCreptospoadjlus. Megalosaurue, Laeerta 

□eptuoia, .^odon, Rbacneosauru^, Pleuro- 

aaurus, O-eoeanrus, Macrospondylus, Ptero- 

daotylua. Crocodile, GaviaL Tortoise. 
M>!ies: Pjonodontes and Lepidoides. (Dape- 

diom, ito.) with homooercat t^a. 
Arachtiidani .■ Spiders. 
Injects : Libellufe, Coleoptera. 
Cmalaeea: Pagutus, Eryen, SoyUarua, Palia- 

mon, Astaeus, 
Plants : Cycadete, (PterophjUum, Zamia,) 

Coniferte, (Tbiiyles, Taidtes,) Lilia, (Buck- 



(Eepliles 



LeptorynehuH, Trionyx 



Weslden Period. 
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Oretaceous Period. 



OEDEU OF CREATIOK, 



{Birds (Sones.) 
StptiUs: MoBoeaurus, &n. 
Flshet : Ctenodians and Cyoloidiimf ■ 
Cruetacta : Arcania, Etjffia, Corjster. 
Plants: Couferva, Naiades. 



Mammalia: 1. Eocene Period: — Palteothe- 
rium. Auoplotherium, Lopbiodoti, AnliirafiO- 
therium, Cheruptamua (iLllled to the bog), 
Adftpis (reBembling tile hedgehog,) Cami- 
v/ra : Bat, Canis (Wolf and Fox) Coatie, 
Racoon, Genette, DormouBe, Squirrel. Rep- 
iitet: Serpents. 

Birds : Buzzard, Owl, Quail, Woodoiicli, Sea 
Lark, Curlew, Pelican, AlbatroB, Vulture. 

Reptilet ; FreEih WatCT TortoUea. 

Makes ; Extinct apedes of extinct genera, 

2. Miocene Feri<^ ; Ape, Dinotherium, Tapir, 
Cbalicotherium, Bliinocet'os, Tetracaulodon, 
Hippotherium, Sus, Pelia, Mach^rodus, Gulo, 
Agaotherium, Maatodon, Hippopotamua, 

3. Pliocene Period: Elephant, On, Deer. Dol- 
phin, Seal. Walrus, Lamantin, Whale, Daay- 
urus, HalmatiiruB, Kangaroo, and Kangaroo 
Rat. 

Birds; I^geon, Haven, Lark, Duel;, &a. 

Flihei : (in the formation gentraliy) more than 
400 apeoies now extioot which belong to 
more than 40 extinct aud ss manj living 
genera. 

Inaects: 1,600 apecies of Diptera, Hemiptera, 
Ooleoplera, Aptera, Hjraenoptera, Henrop- 
tero, and Ortboptera. 

Shelh: In the Newer Plioeene Period, 90 to 
96 per cent, of living apaoies ; 35 to 50 per 
cent, in the older Pliocene ; i'7 per cent in 
the Miocene ; aod 3.5 in the Eocene ; amount- 



ing 



I all, e 



species. 

Plants: Poplara, Willows, El 
Sycamores, and 600 other s 
eighths of which are monoc 
dicotyledonous. 



4,000 



AUunal Period. 



{Man, and moat of the other species of ensting 
antmala and pLtnts. 
QigaiUic Birds, Dmornia, Epiorais, Dodo, No- 
tornia, and 100 others. 
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Mwman Remains. 

PHn. The remains of men have not been found in any depoBit 
older than alluvium, except in a few cases where they have proba- 
bly been introduced into drift subsequent to its deposition. 
lA/ell's Frin. Geol., vol. 1, p. 249, 282; and vol. 3, p. 204, 236, 
298. 

Proof, la the earlier psrioda of geology, tlia fossil bones of other animala 
were often miataken for thoae of mflD. Tlius the Homo dihivH testis of 
Soheuohzer, was aBoertained by Cuvier to be nothing but a groat salamander. 
At the present day, no practised geologist maintaios that humaa remains 
have haea found below drift ; although eorae writers on geology still defend 
that opinion. See Penn'i Goaiparative Mstimate oftke Moaaical and Min- 
eral Geologies. toI. a, p. 124. J^oirAoims'* Oeology of Scripture, -p. 119. 
Comalock'a Qeology. p. 263. But some geologista on the oontiDent of Europe 
are of opinion that the bones of man are found ao miied with those of ex- 
tinet qnadnipeds, as in certain caverns in Franca, and the province of Liege, 
that all must have been deposited at the same time ; that is, durii^ the de- 

Eosition of fhe most recent tertiary strata. Others auppose that these 
mnau remains must have been btroduoed aubsequently. BucUaiid't Bridge- 
wafer IVealite, voL 1, p. 303. Upon the whole, no eridenoe has yet been 
afforded by geology, that man eiieted on the earth earlier than during the 
alluvial or historic period. Dr. Smitk'i Scripture and Oeology, p. 896. 
Second Edition, London, 1B40. 

Oltjection. Some writers contend that when Asiatic countries have been 
esanuned more thoroughly, the remains of man may be found in all the fossil- 
iferoua rooks and that they do not thus occur in Europe and America, be- 
cause he had not spread into these parts of the world till a long time after hia 
creation. But on this sutgeot it may be observed, I. That so fer as the ooun- 
tries of Asia have been geolo^cally examined, their organio relics correspond, 
as to distribution and general character, with those of Europe and America; 
and hence the presumptioQ ia, that ia all that quarter of the globe, the raam- 
miferous animals wil! not be found much below the tertiary strata. 2. Com- 
parative anatomy strengthens this presumption, by showing conclusively, 
that most of such animals as now inhabit the globe, could not have;- lived 
when the same physical conditions existed that were necessary for tie crea- 
tures found in the lower rocks. 

Jietn. The remarkable Bpecjmens of human skeletons found imbedded in solid 
limestone rock on the shores of Guadaloupe, deserve attention in this connec- 
tion. At first view Ihey may seem genume examples of man in a fossil state. 
But they belong to the alluvial formation, and probably were buried there 
only a few hundred years ago. For the same rook contains shells of existing 
species, as well aa arrows and hatoliets of stooe, and pottery. It ia ecdd that 
a battle took pkce on this spot about tie year I710|l)etween the Caribsand 
Gallibis, One of these specimens is in the British Museum in London, the 
other in the Garden of Plants in Paris. Sitcklan^i JBridffetmiter Treatite, 
vol. 1, p. 104. Guvier'i Theory of the Earth by Jameson and Mitchell, p. 235, 
N. Tork, 1B18. Oavier's Discourse on the Revolutiona of the Swfaet of the 
Globe: Philadelphia, 1881, p. 83. 

8. Vertical Range of Animals and Plants in the Strata. 

Descr. Not only did differeot species, genera, and familiM of 

animals commence their existence at very different epooha in the 
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earth's history, but some of tbem soon became oitinot , others 
continued longer, and some even to the present time. 

DescT. Species rarely extend from one formation into another; 
but genera frequently continue through several formations; and a 
few, even through the whole series of strata; and are still found 
i^mong living animals and plants. Orders are still more" extensive 
in their vertical range ; and all the great classes, as has been 
shown, extend through the whole series. Very many genera, 
however, and some orders, are limited to a single formation. 
Others, after disappearing through one or more formations, at 
length re -appear. 

liliis. The following tables will give an idea of the vertical distribntioo of 
Beveralordera and genera. PhUlipS Treatise on Oeoloi;i/, vol I. p. 'J&, ei, sej. 

Descr. It is maintained by some eminent zoologists and paleon- 
tologists, such as Agassiz and Alcide B'Orbignj, that species do 
not extend from one of the great formations into another, and that 
eveftin the tertiary strata, no species correspond with those alive. 
Most writers, however, suppose that species do extend sometimes 
from one formation into the next, and that the number of ana- 
logues of living species in the tertiary, amounts to many hundreds. 
Prof Bronn thinks that in some rare cases species pass into a third 
period. According to him, of the 2,065 species of fossil plants, 
twelve pass into other formations than that where they are most 
abundant ; of the 24,366 animals, 3,322 pass into other formations : 
BO that each species has had an average duration of 1 . 1 2 formation. 
Birds and mammalia are usually limited to one period. 

The loHowiDg table eidiibitB the (liatributioQ of several orders of Zoophjta ; 



their presence being indicated by stars, and their absence by blaobB 
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Tlie following ganara of elieliB, very abundant at present cm th( 
have a very limited ranga downwards. The numbers are made o 
Bronn'a Index Paleontologieat : 
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The following genera are very unequal in their vertical range. One of 
them, tbe terebratula, extends through the whole seriea of formations and 
still lives : 
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Oat of the multitude of Geph^opoila, ov diamb^red shells, that Bwormed 
in the flncieot ai^aa, only two species have iyiiitinued to the present time ; a> 
may be seen by the followiag table of their vertical range : 
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Pal(Bontological Chart. 



periods: viz. the lotreet, the Silurian period: the Dczt, the carboaifer{ 
period: the next, the saliferous period; the nest, the oolitic period: the 
neit, the cretaceous period : the nest, the tertiary period ; and the highest, 
the hiatorie period, or that now passing. The animals and plants are repre- 
sented by two trees, having a basis or coots of hypozoic rocks, and rising and 
enpaudiug through the different periods, and showing the commencement, 
development, ramification, and in some cases the extinetion, of the most im- 

Ejrtant tribes. The comparative abundance or paucity of the different fami- 
es, is shown by the greater or less space occupied by them upon the chart ; 
alchough there can of course be no great esactnesa m such representatioua. 
The numerous short branches, exhibited along the aides of the different fami- 
lies, are meant to designate the species, which almost nniversallj become all 
extinct at the conclusion of each period. Hence the branches are contracted 
in passing from one period into another, and then again expand, to show that 
the type of the genera and orders alone sorvive. Where a tribe, after hav- 
ing been developed during one period, disappears entirely during the next or 
several succeeding periods, but at length reappears, a mere line is drawn 
across the space i^ere it is wanting. 

While thia ahart shows that all the great classes of animals and plants ex- 
isted from the earliest tiroes, it will also show the gradual espanaion and in- 
crease of the more perfect groups. The vertebral animals, for inatanci*, 
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PAL^OKTOLOGICAL CHART. 119 

commence vith a few fishes ; whose Dumber iacrenaes upward ; but no tracea 
of other animals of tbia class appear, till we rise to the saliferoua group, 
when we meet with the tracks of chirotheria, torUibes, and birds, and one 
mammal. But not till wa reach ttie oolitic period, do we meet with mam- 
malia ; and then only the four apecies. No more of tbia claaa appear till we 
reach the tertiary strata, where they are developed in great numbers, ap- 
proaching nearer and nearer to the present races on the globe as we ascend, 
until, in tbe Matoric period, the eiistitig races, ten times more numerous, 
complete the aeriea with man at their head, as the drown of the whole ; or as 
the poet eipresaes it, " the diapason dcBea full in man." 

In like manner if we look at that part of the chart wbieb shows tbe devel- 
opment of the vegetable world, we shall see that in tbe lowest rooks, the 
flowering plants are very few, and consist mostly of coniferie and cyeadem : 
links aa it ware, between the flowering and the flowerleas plants. It is not 
till we aacend to the tertiary period, that the willows, elma, sycamores, and 
other species that form the forests of the temperate Eone, appear. Monycoty- 
ledonoua plants are found through tbe whole series, appearing in great force 
intbeooal formation; and among existing species they are developed in great 
abundance, not leaa than 1,000 speciea o! I'alma, — the Obowh of the vegeta- 
ble world — having been desctibed. 

Take another example from tbe animals. The Saurian Reptiles began to 
appear in tbe Carboniferous period; and they continued to be developed 
in greater numbers through the Permian, Triassio and Liassie perioiia, and 
reached their greatest expansion in tlie Oolite. But above that formation 
their numbers and size decreased, and at present their representatives on 
the globe, with the exception of the crocodile and tie alligator, are mere 
pygmies. 

A similar example among plants exists in the lyoopodiaceie ; which during 
the carboniferoua period, formed trees from forty to sixty feet high. But above 
that period, they rarely appear ; and their only remaining repreaentatives 
onearthat tbe present lime, are obscure plants afewinobeain height. 

Mucli more information of this sort may be obtained by a few moments 
inspection of this chart; which will prevent the necessity of detiuls. As 
this, however, is the first effort that has been made to give such a representation 
of tbe leading facts in paleontology, I shall expect that defects and imner 
feetioQB will be discovered in it.* 

9. CoTnparison of Fossil and Living Spea£s. 

Prin. It is a moderate estimate to reckon the species of organic 
remains hitherto described in the rocka below the tertiary strata, 
at 12,000. Yet scarcely none of this number have thus fai been 
identified with any now living oq the globe. In many cases they 
differ even generieally. 

Prin. The deeper we descend into the earth, that is, the older 
the rock, the more unlike in general are its organic remains to ex- 

* Since the above was in type, (in the first edition,)! have received the 
Lethaa Geognoatica ai Professor Bronn, published at Stuttgart in 1837 and 
1838, where I find a chart constructed on essentially the same principles. 
The wonder with me is, not that I have been anticipated, but that so aim- 

{le a plan to exhibit the leading l^cts of paltBontology has not been employed 
y writers in the Eagliah language. 
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ietiug species. As we aBceud, we find a nearer and nearer ap- 
proximation to esisting species in each successive formation. 

Descr. In 1833, the number of shells in the tertiary strata, that 
had been discovered and described by M. Deshajes in Europe, 
amounted to 3,036 ; of these, 568 were identical with species 
found in our- present seas. They were distributed however, very 
unec[ually through the different groups of these strata, aa follows. 

In the Eocene or oldest 
Group, 1,238 species ; Living analogues, 42 

In the Miocene, 1,021 do do 176 

In the Pliocene, 777 do do 350 

Lyeil's Elem. Geol, vol. 1, p. 281. 
Prin. The organic remains in the northern parts of the globe 
correspond more nearly to existing tropical plants and animals, 
than to those now living in the same latitudes. 

Prot^. It is well known that the Fauna and Flora of tropical 
rt^oua are so different from those in higher latitudes as to strike 
every observer. M'ow any one who is acquainted with these pecu- 
liar features of tropical organic life, even as they are exhibited in 
books, will be struck with their resemblance to the organic remains 
in the foasiliferous strata. The following examples may serve for 
illustration, berinning with the highest of the strata, viz, alluvium ; 
1. Along the shores of the Arctic Ocean in the banks of the great 
rivers, such as the Oby, the Yen^i, and the Lena, are found im- 
mense quantities of the bones of the extinct species of elephant 
called tne mammoth. The region in which these remains occur, is 
Almost as large as ihe whole of Europe, Now although the fact 
that these animals were covered with hair, proves that the climate 
where they lived was colder than that where naked elephants now 
live, yet it must have been much warmer than the present tem- 
perature of Siberia, in order to produce vegetables for their susten- 
ance. The rhinoceros found fossil in the same country confirms 
this conclusion. 2. The bones of extinct species of elephant, rhi- 
noceros, hippopotamus, lion, tiger, hyaena, &c. — genera confined 
almost exclusively within the tropics at this day, are found scat- 
tered through the alluvium of almost every part of Europe. 
3. When shells are found in the tertiary strata in northern coun- 
tries, identical with those in existing seas, their analogues are 
almost universally found in tropical seas ; and when the same 
species occurs in wie Mediterranean, for instance, as is ^found fossil 
upon its shores, the la ter is much larger than the former ; and it 
is a well-known fact that the same species in tropical regions at- 
tains a greater size than in colder climates. 4, The great siie, 
both of the animals and plants found in the secondary strata, oom- 
paied with that of living organic beings of a similar kind, shows a 
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state of climate during tteir grovFtli very favorable to their de- 
velopment ; such a climate, in fact, as esista in tropical countriM. 
5. The great number of chambered shells, sach as ammonito, 
orthocera, &e, found in the secondary roeks, confirms this proposi- 
tion, since the few representatives of these shells still found alive, 
occur in warm latitudes. 6. Bui perhaps the most striking evi- 
dence of a warm climate, during the deposition of the secondary 
rocks, exists in the fossil flora of the coal formation. This is 
filled with gigantic plants of genera mostly found within the 
tropics, such as equiseta, lyoopodiaeese, tree ferns, palms, &c. ; and 
a person who is familiar with these remains, is struck, on going to 
a tropical country, with their resemblance to the vegetation around 
him ; as he is with their want of resemblance to the flora of high 
latitudes. These tropical plants have been found in the rooka 
around Ba£&n's Bay, and even as far north as Melville Island, in 
75° north latitude. 7. Numerous organic remains in the second- 
ary locks even in the oldest fossiliferous strata, appear to have 
once constituted coral reefs, such as are now found only in tropical 
seal Such relics aa these, also, have been found in the rocks of 
MelviUe Island. 

Eem 1 AgaEsiz, Lyell, and Smitb of Jordan Hill, seem to bare proved 
that the climate of uorthern regiuna, imn]Edi3,telj preceding tbe altuvial 
period vaa lower than it is at preaeot; and it is tlie opinion of Agaeaiz, that 
a similar f^U of temperature toot place near the close of each great geologi- 
cal period. But ailimttiug all thia to be (rue, it caunot afl'eot the preotiding 
arguraeotfl ooncerning the general temperature during those periods, eseept 
as to the drift whidi is of little eansequeuoe id this respect. Edinburgh 
Jl'sio J'hiloiophieal Jofimal, April, 1838. Sr. Bimkland'a Anniversary Ad- 
dress before the London Qeological Society in 1841. An. and Mag. of Sat. 
History for February, 1841. 

Ran. 2. Those devoted to fossil botauj say that the land plants found in 
the older strata, correspond more nearly with those dow. growing upon the 
low islands of the Pacific Ocean, between the tropics ; and hence they infer 
that when these Nourished, the land was but little elerated above the waters; 
aud that the climate was conetantjy very warm and moist, Amer. Jaar. 
ScL vol 84, p. 324, 

FHn. It is probable that during the deposition of the older 
fossiliferous rocks, the climate was ultra-tropical ; that is, warmer 
than at present esists on the globe. 

Proof. Tropical species of equiseta, lyoopodiacete, tree ferns, 
&c., are much larger than those found growing without the tropics. 
But those found fossil are much larger thaa any now living. 
Ecjuiseta, for instance, in tbe ancient world, were sometimes ten 
feet high; tree ferns, from forty to fifty feet, and arborescent 
lycopodiaceie, sixty or seventy feet high. Recent eijuiseta are 
rarely more than half an inch in diameter; whereas the fossil 
calaraites, a very similar plant, is sometimes seven and even four- 
teen inches in diameter, aud no living lycopodiacese are more than 
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i EARLY TIMES. 



three feet h ^h Th extraordinary deTelopineiit, which is found 
also in o he sp c es of plants and animals, can be explained only 
by a h gh t n pe a nre ; though Adolphe Brongniart suggests 
that n ho ea y raes, when perhaps no land animals existed, 
the a mosphe e m gh Lave been more highly charged with car- 
bonio a d than at pre ent. Histoire des vegetaux fossiles, par M. 
Adolphe B ongn a 2d Iiivraison, p. 113. Buckland''s Bridge, 
water T ems -vol p. 450. Pkwvp&' Edinburgh Treatise on 
Geology, p. 118. 

I*rin. The temperature of the climate seems to have gradually 
sunk during the successive deposition of the different groups of 
foBsiliferous rocks. 

Proof. While the whole imraber of species of ferns, now grow- 



ing upon the globe, is 1,S00 
temperate, and frigid 
temperate zones; while 



; found in the northern, 
utherfi, frigid, and 
remaining 1,20U are found within the 
tropics. Now the number of fossil ferna diminishes in nearly the 
same ratio, in ascending from the oldest secondary rocks, as it 
does in going north or south from the equator. Hence it ia in- 
ferred that a similar decrease of temperature is in both cases the 
cause. 2. This is the most rational mode of explaining the grad- 
ual approach of organic remains to existing species, as we come 
near the surface; so that dm'ing the tertiary periods the climate 
could not have been much different from that around the Mediter- 
ranean. Buckland's Bridg&water Treatise, vol. 1, p. 471. 3. If 
the former high temperature of the globe be admitted, we should 
expect this gradual reduction of temperature by radiation. Phil- 
lips' Edin. Treatise on Geology, p. 96. 

10. Descriptio. 



Descr The number of fossil plants described by Professor 
Unger m his &ynop!,is Flmttaruni Fossilium, amount to 1 643 ; 
which are thu's distributed in the several classes of Endlicher. 
Am Jour Sci , vol 2, &econd &e>tes p 136 



Alga 1 

CbaraeelG 

Lichenes 

FuQgl 

Musci 

CalwnariEe (Squiseiaoea and Oa 
laimts ) 1 

FLuvial«s 

SpadiciflorEe (Paoduiocarpum 



I Hfdropterxles (SpbeDophj Hum) 11 
I Selagmes (Lyoopodiaoeie, Lepido- 
1 dendrpie, &e) 207 

I Zamiate 100 

! OIiimitc«33 1 1 

EmmtiabUetce 2 

I Coronante (Lilia) 18 

\ "ioitamiDeaB (Musanese) 14 

I Pnneipes (Palmae) 43 

Comkrie 141 

i AquaticfG I 
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InDhRarffi (Amoitaoefle Ac) 



i Heeperides 

. I erebiQthmeie 

. MjrtifloriB. 
. Rooiflor* 

Haataelnwitffi 



^/".^ 



■, Sea Weeds. 



Dp^i.r Existing subinwine 'vegetation, amounting to more than 
500 species, may be arranged in three diviaiona ; dependent for 
tbeir characters upon climate; the first group occupying the 
frigid, the second tlie temperate and the third the torrid zone. A 
similar distribution of the fusvil marine plants, will bring all those 
below the top of the new red sandstone into the class of tropical 
plants; while those higher in the series, approximate more and 
more to those now existing on the globe. Adolpke Brongniart's 
Hiatovre des Vegetwux Fbssikx, Livraison 1, p. 41. 

Descr. In the lowest rocks moot of the plants are marine. Fig. 
49 represents a species of fticoides 
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ZJescr. Fig. 49, (bis) showa a, species of sea weed, probably the 
Buthotrephis of Hall It occurs 'm black shale in South Hadley. 
It has the very imuflual character of being preserved so as to re- 
semble aD existing sea weed bleached. It does not lie flattened 
upon a single layer of the stone, but passes through it in various 
directions, appearing lite an irregular branching sea weed, sur- 
rounded as it grew by mud, which hardened into rook. I am in- 
debted for this specimen (which is doubtless an indescribed species, 
and therefore I call it Buthotrephis Holyolimns) to Misa Sophia 
Spofibrd, associate Principal of the Mount Holyoke Female Semi- 
nary, in South Hadley. 

Fig. 49, (bia.) 




Buthotrephis Hohjokfitsis : South Eadley. 

Musci and Filices ; or, Mosses and Ferns. 

Hescr. On account of then' delicate structure, mosses are rarely, 
preserved in the rocks. But ferns are very abundant; especially 
m the more ancient strata, where they are found of a size at least 
equal to those now growing in the torrid zone, which are often 
from forty to fifty feet high. Fig. 50, is a sketch of some of these 
tree ferns, now growing ia tropical climates. 
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Descr. Europe at the present time does not contain more than 
tiirty or forty species of turns, and thpse of dimmutive size ; 
whereas more than 200 epeoies have heen found m the coal forma- 
tion of the same quartei of the ^lohe Ado/phe Biongniart in 
American Journal of Science, vol 34, p 319. 



'jdwee, 0), Club Mosses. 

Descr. The Lycopodiacea are a tribe of plants intermediate 
hetween ferns and ooniferje on the one hand, and ferns and mosses 
on the other. Lindhy't 'Natwrai System of Botany, p. 313. 

Ijepidodendron. This fossil plant approximates in its character 
to the lyeopodiaoeffl : or rather, it seems to he intei-mediate hetween 
the club moss tribe, and the coniferse or pine tribe. It is abun- 
dant in the coal formation, where it is sometimes found from 
twenty to forty-five feet long; nnd M. Ad. Bronjrniart has de- 
scribed thirty -four species. The genus is wholly extinct. Fig. 51 
will convey some idea of these plants. 

Ran. Tha lepidodendra fill up a cbaam in tlia eKiaitrng series of pliiuta, 
between flowering and flowni'less plants, better than any living gfeniia. Simi- 
lar btanka in tlie existing organizadou ore filled by otbev extiaet genera of 
orgamo remaina. isnjKay omd JbiUmis libssii Mora, vol. 2, p. 63. 
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^ Desci LiYiag plants of this tribo 
zz tie af^SVadi horsetails, cattails, scour- 
ing rushes, &f and although of fre- 
^= quent oocurience in all olimates (the 
= nio'stfienuentm the temperate zones) 
= thej Tie of diminutiye size, even in 
-^ the toiiid zone, compared to those 
= fonnd fossil The latter are divided 
_^= Hit 1 two genera, E^isetienv and 
~^i Caiamites, the former correspond- 
= mg leiy nearly to living equiseta, 
but the latter differing a good deal 
in stiuetuie and size; being much 
lirgcr than the equiseta. Fig. 52 
16 J, cil mutes destitute of leaves 



Descr The Ovoade'e aie a lemarkihly family of plants, occupy- 
ing an mteimediate plice hetween palms ferns, aad ooniferie; 
filling up an impoitint huk hetween diootledonous, monoootyle- 
donous and lootjledoiir us vegetation Only two genera and twenty 
two speeies arc known as now Imng upon the globe. But during 
the deposition of the rocks above the coal, they formed a large 
part of the vegetation. 'JChey have lately been found also in l£e 
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coal firmation The livnig ipeciea mo'ftly giow in tropical oU- 
niatei Fig 13 reptebccts i living species of ttese plants. 
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Descr. Large trunks of tieef fiom liilt i fo t to thieo fe t in 
diameter, and from fifty to s zty feet lon^ co\eied with flutings 
and scara, have long been known in the coal formation undei the 
name of SigUlaria, from the lesembhneo of the Bcais to the im- 
pression of a seal. It was not till recently that geologists have 
been able to refer these trunks to any known family of vegetables. 
Thoy now suppose them to have been esogenons plants and gym- 
nosperms ; but like the zamia above described, combining also the 
vascular systems of ferns and lycopodiacefe. And they probably, 
also, were a principal source of the beds of coal in the coal meas- 
ures. Pig. S4 exhibits one of these Sigillaria. 

Descr. Another fossil plant still more common in the " under- 
day" beneath the coal beds, is called Stigmaria. It consists 
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(Pig. 55,} of ft dome-shaped centre, three or four feeu ju umuiuuiii, 
from which proceefl bi<inches, thiity oi foity feit Ions, covered 
with tuherclo oi lootlets These StigmoiiB weie pr A-vbly the 
roots of the SigiUiiia, although till leoently they have been 
thought to be dome shaped aquatic plant"* 

Ik)>cr Several othei estmct getieia, with sciis similar to those 
on the SigiUirii, occm in the same lochs and ire piobably Coni- 
feise Eig 5b shows i poition of one ealli d TTluchndion 



^^^1 
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Descr. Another remarkable wd beautiful tuho of plants, not 
unfrequent in the coai toimation has whrakil leaves like tbe 
flower of the Aatei 



Fig, 57 shows 



genus !■= called ^.sterophyllitea. 
il mil p m Mansfield, Mass. 
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Conifera and Cycadea. 

Deser. ConiferEe and Cycadeas are the onW two families of fossil 
plants whose seeds are originally naked. Hence they are called 
Gyfnno^>erifums Phanerogamic. Tlie coniferae imder tbe name 
of pines, araucarias, &c. constitute a large and important part of 
the existing trees of all climates ; and they occur in the rocks of 
all ages. More than twenty species have been foimd in the ter- 
tiary strata, thirteen species in the oolite and lias, four (of voltzia) 
in the new red sandstone, and several in the carboniferous forma- 
tion. Mr. Withara has figured the trunt of an araucaria, forty 
seven feet long, from Cra^eith quarry in the carboniferous lime- 
stone near Edinburgh* WUharn's descriptiott of a Fossil Tree, 
ifc. Edinburgh, 1833. Arauoarias are found fossil in Great 
Britain alone ; but genuine pines occur in the coal formation in 
Nova Scotia and New Holland. The four living species of arau- 
caria that have been described, occur in tropical climates south of 
the equator. 

Descr. Sometimes the trunks of these gigantic trees, as well as 
of some of the other plants tha.t have been described, are found 
standing erect, rarely in the very place where they grew ; but 
generally they appear to have been transported, and to have as- 
sumed ao upright position by the greater specific gravity of the 
roots. Fig. 58 shows the stumps of an ancient forest of coniferfe, 
with the roots imbedded in the black vegetable mould in wbioU 
they grew ; the whole being now converted into stone. The sec- 
tion was taken in the Isle of Portland, England. 




SiAterranean Forest ; Isle of Portland. 
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Fig. 58, (bis) exhibits a succession of vertical stems in the ooal 
measures at the head of the Bay of Fundy in Nova Scotia. The 
thickness of the mass of beds of sandstone containing the stems is 
2,500 feet, and the length of the stems usually six or eight feet. 
The thickness of the beds represented is ninety-two feet (De la 
Beche's Geological Observer,^. 486. Philadelphia, 1851.) 

Prin. It is probable that dicotyledo- .^i.-jy.^' 
noua plants, as weU as the frailer kinds of 
flowerlesa ones, such as fungi, and mosses, 
may have been more abundant in the 
earlier periods of geological history, than 
the specimens of tl ese phnt fo d foas 1 
would lead us to nfe 

Proof. Most o ^an o rema as mu t 
have been prese v d n water o at 
least in wet sand o mad Now P of 
Lindley, having mme sed n a tank of 
fresh water 177 spe e of I v ng plants 
for more than two years a r ves at the 
following eonclus ons 

" 1. That the leaves and ba kof most 
dicotyledonous plants a e wholly deeom 
posed in two years, and that of those 
which do resist it, the greater part are 
CioniferEe and Oycadte." 

"2, That Monocotyledons are more 
capable of resisting the action of water, 
particularly Palms and Scitamineous 
plants ; but that grasses and sedges per- 

" 3. That Fungi, Mosses, and all the 
lowest forms of vegetation, disappear." 

" 4. That Ferns have a great power 
of resisting water if in a green gtate, not one of those submitted 
to the experiment having disappeared; but that their fructification 
perished." Bvckland's Bridgewater Treatise, vol. 1, p. 480. 

Bern. It is iutereatiug to observe that by fiis experiment those plants 
were moat enduring io water, which we find most abundant ia a fossil state. 
Yet some ciroumetanoes prevent us from irferricg with certainty that aU the 
more frail and the dieotjiedonous species perished in fJie process of petrifae- 
tion. If a oorreaponding experiment had been made with those plants in 
wet mud, or aaud, another in salt water, or aalt mud, these results might 
have been somewhat modified, and probably in nearly every case where 
plants are carried to the bottom of watar, they are teovered by mud in a 
shorter time than two years ; and most of those preserved in the rocks were 
fosailiied beneath salt water. Other aubstaoaes, as iron, or lime, in solution 
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in the water, might esaentially modify the experimenl. After all. howBrer, 
theeiperiment does, show ua that w« muat iiot place too much dependeOM 
on the relative iiumbei-a of different "elasBcs of fossil plants, as hitherto dis- 
covered. 

S&m. 2. Other peculiar and interesting plants occur in a fossil state; as 
the pandaceK, palioa, ita , but the limits of this treatise do not permit their 

Rem. 3. The great size of many fossil plants, and the Tast ac- 
cumulations of carbonaceous matter in the coal formation, render 
it probable that the vegetation of the early periods of the globe 
was far more abundant than at the present day. Yet as the trees 
were mostly without flowers, and unenlirened by the presence and 
voices of any vertebral animals, the landscape must have presented 
a very uniform and sombre though imposing aspect ; better adapt- 
ed to a state of preparation for the higher orders of animals, than 
for their actual existence ; better adapted to prepare fuel for man, 
than for his happy dwelling. 

JJem. 4. ThadifEerentfamiliesof living plants are distinguished not merely 
by external cbaraoters. which mostly disappear when petrified, but fcy a cor- 
responding anatomical strueture ; chiefly by the form of the minute vessels of 
which they are composed. Now it is found that tliesa vessels retain their 
form when petrified. Hence, by entting a fragment of fossil wood very thin, 
and polishing it, a microscope wiL show these yessela. and thus enable the en- 

Jnirer to determine the nature of the plant. For this discovery we are in- 
ebted to Mr. Wilhara, who has given direotions for preparing fossil wood 
for such an examination. Witlimn'i Observations on Fosdl Vegetables, i&t, 
Edmburgh, 18S1, Quarto. 

Descr. Many of the plants preserved and petrified in the 
newer rocks are of deep interest. Perhaps those of the tertiary 
strata are the most so. In not a few places we find the trunks of 
large trees, completely converted iuto silex, so as to give the ob- 
server an idea of a petrified forest. When polished they form 
beautiful agates, and exhibit the minutest vessels of the wood. 
Such forests occur in the desert near Cairo in Egypt, in the island 
of Antigua, in the West Indies, and in Texas, and farther north 
in the desert re^on along the ea.st base of the Rooky Moun- 
tains. 

Descr. Tertiary deposits sometimes contain an imperfect kind 
of coal, called Brown coal, a part of which is lignite. In this coal 
we sometimes find fruits most beautifully preserved. The island 
of Sheppey, near the mouth of the Thames in England, is a famous 
locality from which the fruits of several hundred plants have been 
obtained. {History of the Fossil fruits and seeds of the London 
Clay, by J. G Bowerbank, London 1840, part 1.) These belong 
to the lowest part of the tertiary, and are often converted into iron 
pyrites. But in Germany, where they exist in the upper part of 
the tertiary, they are simply earbonized. Tke same is the ease 
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with til sntereating deposit m Biandon Vermont, which I have de- 
scribed in the American Journal of ScienLe foi January, 1853. 
The brown ooal bed there about twenty feet thick, is associated 
with white and vii legated ol-n, blown hematite and oxide of man- 
ganese, iiid the whole lies unmediatelv beneath the diift We 
may conclude, theiefoie, that it belong? to the teitiary, piobably 
the Pliocene, and since the same substances, with the exception 
of the coal, aie associated on a line running soitthwesteily fiom 
Canada to Alabama, 1,200 milesj we thu& determine the esi'itence 
of such a tertiaiy deposit of that extent 

Desoi The fruits of tbn deposit have not as yet been leferred 
to living geneia of plants They do not, however, correspond 
with any plants now gi owing m the northern parts of om ooxmtry, 
and are doubtless of a tiopical charaotei The figrnes below will 
give an idea of theii size, «hape and meaning'', and may serve as 
an example of tertiary fiuits 

Figs 5P, bO and 61 represent the most common species the 
two fiist show the apoflimtn flatwise , tli" othpr edgwise Figs b2, 
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63 and 64 show the same as to a less common species. Figa 65 
and bb show i aomenhat liff lent species Figs. 67 and 68 repre- 
sent a not imuiual 6pei,ies almost exactly spherical. Fig. 69 is 
similar hut elongated Fig 70 shows a single carpel. Eigs. 71 
and 72 eshibit spec meca with the apex quite aside from the 
geometrical axis Figs 73 and 74 have longitudinal ridges quite 
prominent Figs 75 76 and 77 are more or less triquetrous. 
Figa 78 and 79 are elongated slightly striated small fruit'i with 
a rathei thick epioarp Figs bO 81 ai d b^ aie legummo la ^eeds 
Fie 6' 
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Fig. 83 is an elegant frail aeed with delicate waving strife. Fig. 
84 shows a piece of the coal with the wrinkled and yet elastic in- 
tegument of a seed resembling a raisin. 



Descr Zoologiata are not entiiely agreed is to the classification 
of animtb The general plan pioposed hj the immortal Onvier, 
however, is moatlj fallowed by the be=t ■mnteri. The following 
outlinp embraces tsSLntially thp diMsion? ot Onyier, Agassiz, and 

ANIMALS. 
Sub- Kingdom, Mammalia. 
Class — Mammalia, animals that nurse their jonng. 
Ayes — Birds. 
Keptili 



Sub-Kingdom Artictjlata. 
Glass — Crustacea — Lobsters and Crabs. 

Insecta — such as Beetles and Flies. 
Anelata — Leeches and Earthworms. 
Cirripe dia — Barnacles. 

Sub-Kingdom Mollusc a. 
Class— Cephalopoda — Nautilus and Cuttlefish. 

Gasteropoda — Snails, Cowries, and Slugs. 
P teropoda — Hy alese, 
Lamellibranchiata — Oyster, Clam, &c. 
Braohiopo da — Terebr atula, 
Tunicata — Ascidia, 

ub-Kingdom BAriflTA (Nematoiieura and Acrita, Owen.) 
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ClaBs Radiaria, of Lamarck ; divided into Eohinoderma, Cuv, 
and Acatepha, Cuv. 

Class Polypi Cuv, divided into CiKobrachiata, Fwrre, Anthozoa, 
Ehrenb. Nudibrachiata, Farre. 

Class Entoza, Rudolph divided into Cceldmintha, Otiten and 
Sterelmintha, Oioen. 

(j\a.%s Infusoria Cm?!, dirided into the Rotiftra and Polgastria 
of Ehrenberg, 

DescT, A claBsificatJoQ of animals considei'ablj different from the preceding 
li given by Professor Bronn in the Table of Organic Remains upon a former 
page. It difTers cliieflj, however, in the names rather than in the dlTisions. 



Xksci: This extensive division of animals are the most simple 
of any in their organization, and the moat removed from common 
observation in general. They are distinguished by their radiated 
atraoture: though in some of the first order, the Echinodermata, 
it has been lately shown that they possess somewhat of a " bilat- 
eral symmetry," like the higher orders of animals. The whole 
class are frequently denominated zoophytes. 

Descr. The number of zoophytes in a fossil state is very large ; 
and, in almost every case, they differ epeoifically, and frequently 
generically, from existing speeiea. I shall notice those chiefly 
that are most unlike saoh as now live on the globe. 



Crinoideans, or Encrinites. 

DescT. These animals have long attraoted attention from tbeir 
peculiar struetare and the immense quantity of their remains in 
some limestones called entrochal oi: encrinol marble. They belong 
to the first cIms of Radiata, or the Echinodermata. They are ex- 
ceedingly rare among living animals ; but two speeiea, the Penta- 
crinus caput Medtua^, and the ComattUa Jimbriata, that have 
been discovered in the ocean, have thrown much light upon those 
that are fossil. The two genera that have attracted most atten- 
tion are the Encrinites tnoniliformis, or lily encrinite, or stone lily, 
and the Pentactinus Briareus. The former consists of a vast 
number of little joints, or bones, forming a column, (which may 
be called the vertebral column, although these animals are inver- 
tebral,} for the support of a cup-like body, containing the viscera, 
and from whose margin proceed five articulated arms, dividing into 
tentaculated fingers, more or less numerous, surrounding the 
mouth. The animal was fixed at the bottom of the ocean, or to a 
piece of wood, and merely moved as far as it could reach by bending 
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its very flexible ooliimn, which was admirably fitted for this pur- 
pose. The number of little bones, or joints, oomposing the head 
alone of this species, is estimated at 26,000. These bones are per- 
forated and are used sometimes for rosaries. This auimal relic is 
shown in Fig, S5. 




Descr. The stem of the encrinite is circular, but tbat of penta 
crinite, pentagonal. The latter, also, had usually a greater num^ 
her of side arms and of joints. One of the most remarkable of 
them was the briarean pentacrinite, (Pentaerinus Briareus,) so 
called on account of the great number of ils bands or tentacula. 
The bones in its fingers and tentacula amount at least to 100,000 ; 
and those of the side arms, to at least 30,000 more. And Bince 
each botie must have had two set of museular fibres for contraction 
and expansion, the bundles of muscular fibres in the whole animal 
must Imve been as many as 300,000. This vastly exceeds the 
muscular apparatus in any other animal. What a contrast to man, 
whose bones are only 241, with 232 pairs of muscles ! 
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■ Corals. 



Desc? Polypi Polyp ijo. 
radiated animah that hive 



s, or lolypana, aie those minute 
tlio powei of aecieting oiibonate of 
lime, and thus of buildiug up large 
stonj stiuotures from tte bottom, to 
tlie ''uifdoe of the ocean They 
iL in immense numbeis in the 
of tiopicil oliiaatea, ancl form 
coral reefs which sometimes extend 
hundieds of miles They seem to 
ha^e e\isted m all ages and to have 
formed similai deposits, whioh are 
now tanked among the limestones 
Figs 87, 88, and S^* show seieiil 
liMng &pcoies of these animals as they 
<iie attached to their stony hibit<i 

Desci: The teiitaeula of these 
P}lvt"'<' animals are provided with cilia or 

minute hiira on their maigins, which are capable of being rapidly 
moved, so as to keep cuvrents of water in motion, that food may 
be ooEvejed to their mouths. Immense numbers of the poljparia 
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unite in iDiiilding up a single habitation, and they do this as if in- 
fluenced hj nne instinct; so tiiat the structure rises with the most 
symmetrical proportions. Hence it is stil! a question, whether all 
the animals upon each structure are not to be regarded rather as 
nne compound animal. In the Flustra carhasea each polype has 
usually twenty two tentaoula ; and on tiese, 2,200 eilia. An or- 
dinary specimen of this species will contain 18,000 polypi ; anci of 
consequence, 396,000 tentacula, and 39,600,000 cilia. On the 
FH&ra foliacea, Dr. Grant estimates 400,000,000. Roget's 
Bridgeieater's Treatise, vol. 1, p 122. 

Bescr. These polyparia mostly multiply by buds, called gem- 
mulea, which grow like the buds of plants from the parent, and 
after a time fall off and become distinct animals. A single polype 
in this mode may produce a million of young in a month. They 
may also be multiplied by division, when each separate part be- 
comes in a short time a whole animal. Different parts may also 
be made to grow together, and monsters of every fonn be pro- 
duced. The Hydra is one of the genera of polypi ; and by taking 
the heads of several individuals, and gi'afting them to one body, a 
Hydra with seven, or any other number of heads, may be pro- 
duced. 

Descr, Out of the vast amount of fossil corals I give only the 
two following for want of room. Fig. 90 goes by 3ie name of 
Ohain coral on account of the arrangement of the pores. It occurs 
in Carboniferous Limestone. Letkea Geognostica of Bronn, 
Tab. V, fig. 8, I'ig. 91 is a Cyathophyllum from the Silurian rooks 
of Germany. Goldfuss' Petrefaota, Germaniis, vol. 1, p. 56, 
Tab. 16,flg. 8, 
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Fmimi/iiiem 
Dcicr Most of tliose found in tho rocks ar" 
miLUsiopii,. Thej were once supposed to telong 
to chambered alieils, auob as the Nautilus and 
Ammonite. But they are now placed among 
tbe Kadiata, and are aUied both, to moUuaos and 
polypi Fig. 92 represents alavge species, sonie- 
times more than an inch in diameter, called 
nutmnfulites, from their resemhlanoe to coins j 
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(ntimm/its Ijeing tlie Latin word for coin). They form a large 
part of some soft limestones Tlie Spliins and some of the Pyra- 
mids of Egypt aie composed of nnmmilitic limestone. 

Descr. Figs 93 to 93 aiea few micro soopie species, copied from 
the Natui u.tssenschafthc/ie AJi/uindlungen, &o., by W. Haidinger, 



OtandwUaa Pyginiea, 



Glatidnhna Manifesto. 




Senicnina Qualtiiant JioialnalatioliUa. 
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Zoophyta Lm Intliosoi Fhienljtig 

Descr. These constitute another giLatduibion oi the Radiate 
snimala. They occui m the eaibest loel.^ I give only one ex- 
ample, via. the JSeieites Cambnensis fiom the Silurian forraa- 
tion. Fig. 99 

T 



Infusoria. 

Desor Thcae animals are not discurnible, with a few exoeptioas, 
but by poweiful mieroticopes ; and as they usually occur in some 
sort of infusion they have been called Injusoria ; though they 
generally go h\ tlie name of amtnalcula. The recent astonishing 
discoveries of Ehrenbeig, a Prussian naturalist, have ^ven a new 
aspect to this department of animated nature, even in a geological 
point of view. He has described 722 living species, which swavm 
almost everywhere, even in the fluids of living and healthy animals, 
in countless numbers. 

Descr. Pormeriy they were thought to be the most simple of all 
animals in their organization ; to be in fact little more than mere 
particles of matter endowed with vitality ; hut he has discovered 
in them mouths, teeth, stomachs, muscles, nerves, glands, eyes, 
and organs of reproduction. Some of the smallest animalcula are 
not more than the 24,000th of an inch in diameter ; and the thick- 
ness of the skin of their stomachs, not more than the 50,000,000th 
part of an inch. In their mode of reproduction they are vivipar- 
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oua, oviparous, and gemmiparous. An individual of tlie Sydatina 
senta increased in ten days to 1,000,000 ; on the eleventli day, te 
4,000,000; and on the twelftli day, to 16,000,000. In another 
ease Elirenberg says that one individual is capable of becoming in 
four days, 170 billions ! Ain. Journal of Science vol, 35, p. 372. 

Descr. Leuwenhoeck calculated that 1,000,000,000 animaloula, 
such as occur ia common wat«r, would not altogether make a mass 
so large as a grain of sand; Ehrenberg estimates that 500,000,000 
of them do actually sometimes exist in a smgle drop of water. 

Descr. In the Alps there is sometimes found a snow of a red 
color; and it has been recently asoertained by M. Shuttleworth, 
that the coloring matter is composed chiefly of infusoria, with some 
plants of the tribe of Algae. And what is most singular, is, that 
when the snow has been melted for a short time, so as te become 
a little warmer than the freezing point, the animals die, because 
they cannot endure so much heal, ! BibUotk^ue UmverseUe de 
Geneve, for February 1840 ; as quoted in Etudes sur les Glackrs, 
par Agassiz, p. 62, Neuchatel, 1840. A specimen of meteoric 
paper, which fell from the sky in Courland in 1686, has been ex- 
amined by EhrenliCTg, and found to consist, like the red snow, of 
Conferva and Infusoria. Of the latter he found twenty-nine 
species. Ann. aiikjSag. Nat, Hist. No. 16, p. 185, 

Descr. Surprising as these facts are, it will perhaps seem still 
more incredible, that the skeletons of these animals should be 
found in a fossil state, and actually constitute nearly the whole 
mass of soils and rocks several feet in thickness, and extending 
over areas of many aeres. Yet this too has been ascertained by 
the same acute Prussian naturalist. The following formations, he 
Bays, are of this description. 

1. Bog Iron Ochre. 1 

2. Kieselguhr, a siliceous incrustation, from > Alluvial. 

hot springs, ) 

3, Polierschiefer, Polishing Slate, a variety 1 

of Tripoli, or rotten stone. [■ Tertiary, 

4, The Semi-opal of the Polierscheifer. ) 
Probably of ) 5, Semi-opal of the Dolerite, J Secondary, 

the same > 6. Precious Opal of the Porphyry, > and 

nature, } 7, Flint of the Chalk. ) Primary. 

Hescr. Some of the above substances occur in' large quantity. 
The polishing slate, for example, at Bilin in Germany, forms a 
bed fourteen feet thick, wad the eatable infusorial earth near 
Lunebourg, a bed above twenty feet thick. Yet it would take 
41,000 millions of these skeletons to make a cubic inch; their 
weight being only 220 grains ! A single shield or skeleton weighs 
about the 1 87 millionth part of a grain 1 

Descr. Professor Bailey calculates that a cubic inch of the in- 
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fusorial deposit from Maidstone in Vermont, (composed mainly of 
the minute Gailkonella varians,) contains 15,625,000,000 skele- 
tons ! Adams' Second Anmial Report on the Geology of Yer^ 
mont, p. 152. 

Ztescr. Tie chalk of northern Europe is more than half inor- 
ganic matter, the rest animalcula. Forty species are found in it. 
Dr. Buckland, as quoted in the Ediniurgh New Philos, Journ. 
Jan. to April, 1841, p. 441. 

Descr. The animalcula differ from all other animals, in having 
their softer parts protected by a shield, or skeleton, Tfhich may 
consist either of silica, lime, or oxide of iron. These shields, of 
course, will not be altered by the strongest heat ; and although 
some of the rocks above named have been subject to heat, the 
skeletons often remain very entire, and their organic structure is 
very obvious through a powerful glass. 

BetcT. la New England aod New York, the silioeoua marl (Bergmekl, or 
Mountain TOeal,) already described as occurring beneath peat in gwampB, has 
bean recently shown by Prof. J. W. Bailey, of West Point, to be almost en- 
tirely made up of (he foaeil skeletons of infusoria beloiSging to the fumily of 
BadllariiB; some of whiob appear to be identical with tboae found by Ehren- 
berg iu Germauy. Fjg. 100 shows a group of these fosail skeletons, altetohed 
by Prof Bailey, as they appear wheo diffused in water, under tbe microscope. 
American Jourrud of Science, vol, 35, p. 118. Deposits of this whoeous marl 
are very common in Massachusetts ; and all hitherto eiamiued, contain vast 
numbers of these relics ; indeed, they constitute uearly the whole of the de- 
posits. I have examiued specimens Irom Spencer, Pelham. Barre, Manches- 
ter, Fitchburg, Wrentbam, North Bridgewater, aod Andorer. Professor 
Bailey has given a detailed account of the species from these localities, with 
drawmgs, iu my Final Report on the Geology of Afatsaehuselti, vol 2, p. 3I(X 



Fig. 100. 
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Descr. Of eighty species of fossil infusoria discovered by Ehren- 
berg, Dearly one half belong to extioet species. Those in the re- 
cent strata are all fro^h water animals but those m the chalk are 
marine, London and Mdvnbmgh PlulosaphvMl Magazine,for 
May, 1839, p. 277 

Deicr. " The fossil ammakule tiom iron ochre i only the one 
twenty-first part of the thickness of i human hair and one cubic 
inch of this ochre miist contain mp biUnn of the skeletons of liv- 
ing beings." Won lets of Geology vol 2 p 6b9 

Bescr. The ferruginous scum that appeals upon the water of 
some springs, as well as the red deposit at then bottom, is com- 
posed partly of the lemains ot animaloul-B and pirtly of inorganic 
oside of iron, Edi ihutgh ISiew Phdos Jour?i Jin, to April, 
1841, p. 441. 

E/'Jnnoderm ita 

Descr. This is the higlipst clais of the Ealiated animals. 
Those now living in tlie oceiu ire oiUe \ Set Stars la the rooks 
they are very numerous commencing with the low it most so in 
the chalk, where 474 ipeues have been desonbed flliny of them 
are covered with npmesof apeculiai i,haiai,tei Tho^ represented 
in Fig. 101, belong to two species of Oidarites The largest of 
these, belonging to C glandifeius, occur on Mount Lebanon, 
where they are regarded (ind no wonder fiom then form) as^Jef- 
HJkd Olives. (Biotui's Lfthea Geagna-'tica., Plato 17 ) 

Tig 101 




Descr. Fig. 102 is an elegant species of Oidavitea from the 
■ oolitic formation. Fig !03 isa specLCS of Nueleolites from Wefit- 
phalia. Go^/mss' Petrefacta Ge>. Plates 39 and 43, 
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Nueleolites Scdella, 



Descr. The Molluscous animals compose the second great diviaion 
of those that are invertebral, reckoning from the least to the moat 
complex. This division embraoes those animals that are destitute 
of a spinal marrow, or articulated skeleton ; hut whose muscles are 
attached to a calcareous coyering, called a shell ; or to a soft skin 
externally, and to a hard body within, analogous to shells. They 
are most abundantly diffused among living animals; and the great 
number of their remains in the rocks, proves, either that they were 
more numerous than other animals in early times, or that they 
were more readily preserved. Perhaps we must call in both cir- 
cumstances to explain the fact. 
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Rem. The si^enoe ttat deaoribeB moiluseouB (minuils is called toneJtolog;/, 
and from this edeDCe geology derires tJie greatest aid. Even, its fuadnment- 
al principlas cannot be described ia this treatise; uor, indeed, but a few of 
the vast number of Ehells that ai'e found in a foaail state. Some of tbe must 
remarliable will be aelected. 



Desai; Tiese are univalve shells, which are divided into mimer- 
ous compavtments, or chambers, by cross partitions; as ia shown 
in Fig. 104j whioh ia a section of tne oommon Nautilus pompUitts. 
These partitions are al! perforated by what is called the siphunch, 
whioh consists mostly of a membrane, having the form of a tube, 
and being so firmly listened to the partitiona that no air caa pass 
by into the chambers. The animal resides in the outer chamber, 
and is connected with the others only hy the aiphuncle. Around 
the heart of the animal ia a sac, which may contain fluid enough to 
fill the siphunole. Now the object of this structure is to enable 
the animal to rise or sink at pleasure in the water. When the sao 
around the heart is filled with fluid, the siphuncle is empty, and 
the air ia the posterior chambers expands, so as to cause the shell 
to rise and float in the water ; but when lie animal withdraws its 
arras into the shell, the fluid in the aac is compressed, and forced into 
the aiphuncle, whidi condenses the air, and thus the animal ia made 
heavier than the water, and sinks. In short, he rises and sinks in 
exactly tie same manner as a viater baUoon. 




Na'atilin. 

Ban. Althougti tha nautilus has attraeted great attention fi~om the earliest 
times, it ia only within a few years that Dr. Buckland first discovered the 
true explanation of the manner in which it could riee or sink at pleasure in 
tJio water. Sndgewaier Treatise, vol. 1, p. 325. Mr. Owen, howevev, doubts 
the correctnees of this eitplnnation. 

Ammonites. 

Descr. With the exception of one or two species of nautilus, all 
the larger Speoiea of muUUocular or chambered shells have dis- 
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appeared from the eailli, altliongh in early time? thoy were very 
numerous and widely diftused, and oft-ea of enoimous size. They 
vesembled the nautilus in geneial form ind stiurturo, although 
generieilly diffeieut, and they are sometimes found more than 
four feet in diameter Figs 10a, 106 repie^ent two species of 
Eimmonitea 



Fig 106 




Deacr. Bronn in 1849, eaumerated 552 apeeiea of Atnmonitea, of wliioh 
S ooeur in the Upper Silurian, 22 in the Tring, 317 in the Oolite and 211 in 
the chalk. He also mentions 130 spedea of Bantilus ; of which I oeours in 
the Lower ' Silurian, 4 iu the Upper Siliirino, i iu the Deyonian, 80 ia tlie 
OarboniferouB Lim^atone, 1 in the Coal Measure, 7 in the Permian, 2 ia the 
Trias, 24 hi the Ooht«, 31 in the Ohalk and 24 in the Tertiary. 

Descr. It is well ascertained that in s( 
the shell is contained within the animal; a 
Fig. 107. This api ears to have been the 
genera, as the tl ooerit te L tu te Bi 1 te Hamite, Soapbite, 
Tnrrilite, and Belem te 



e chambered testacea, 

n the Spirida Peronii, 

w'th several extinct 



JDescr. As its name implies, this was a straight shell divided hy 
transverse septa into chumhers, of which nearly seventy have some- 
times been counted. It has been fouad a yard in length, and half 
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a foot in diameter foiniiDg afloat which would ha^e been 
eient foi an ininial far largpr than any esiating eej hale pod 
108 shows the shell of an oithotera with one of the sejita 
Pig 108 



Inf The gieat iize ot these shelU as wlU as of the ammonites, 
confiims the Mew ■ilre^dj pre-iented of the existence of a very 
warm diniate when they weie alive in northern si.as 

i)i c/ B ODD mentions 168 sp Oi«a of O tliocera, of ivh Ui lU aie fouud 
intbeLwo '^ilunau, 32 in the Uppei &ilnriaQ,43 m the Dev i. an, 31 in 
the CmbonifecouB Liraestone. 8 in the Coal Measures, and 1 in the Ttiis; 
above wliich thej do not occur. 

Belemnite. 

Descr. This internal shell resembled a conical arrow, with a. 
cavity of similar shape, in which was a thin homy sheath, and 
within this, a thin conical chambered shell, or alveolus. It was 
provided, also, with an ink bag, like the living Sepia, or cuttle fish, 
as a defence agaiust enemies, or rather, as a means of making good 
its retreat These shells are found only in the oolite and the 
chalk, and eightj-three speoiea have been deBcribed. 

Fig. 109, showB an imaginary restoration of the Belemnosepia. as made by 
Dr. fiacklaad. {BTiigetnater 'Jreatise, vol. S, plate 41. £g. 1,) exliibitii^ the 
animal with the internal sbeil find ink bag. 

Loligo ; or, Cuttle Fish. 

Descr. It is well known that the cuttle fish, (Sepia or Loligo,) 
is provided with a bag of ink within its body, from which the sepia 
used in painting is obtained ; and also with an internal bone, or in 
some species, a mere thin cartilaginous substance like horn, that 
resembles a quill. Both the ink and the pen of the Loligo have 
recently been discovered in a fossil state in England. Buckland's 
Bridgwater Treatise, vol. 1, p. 303. 

Jtem. It is a very eur ioiia fact, that a Bubatanoa ao easily destroyed aa ink 
should have been bo pei'feotiy preserved in the lias limestone of Lyme Regis, 
that after thousands and perhaps ten thousands ot agsB, it can be estraoted, 
and the paiut formed from it oiuinot be distinguished from the best whidi ar- 
tists now prepare 1 It is also iutai'esting to learn that for this diaBoveiy we 
are indebted to the induatpy and sltill of a lady, (Miss Mai'y Auniiig,) who, 
with others of her sex that m^ht be named, is doing muoh for the ecienee of 
geology in England. 
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Bivalve Skeiis, fttostly extinct. 



Deser. Brona g^vea a list of 419 
epedea of Tei-ebatula, Fig. 110. of 
which 10 ocour iu tha Lower Silu- 
riou, 30 in tlie Uppar Silurian, 
'12 in the DevociftQ, 38 in ttie Oar- 
iKuiiferouB limestone, 11 ia the 
Permian, 80 in the Trias, 83 in tha 
Oolite 127 ixi tha dhsJlt and 34 in 
the Tertisiy. Thttty epeeies ooour 
amoBg living moUnsca. 



Fig. 110. 




Terehraiida. 



DesffT, Of the Produetua, Kg. 
Ill, 13 species are desoribed np to 
1849 ; of which i are found in the 
Upper Silucian, fl in the Deyomaa, 
66 rathe Oarbouiferoua Limeatone, 
aud 10 in tha Permian, aboTe 'whioh 
none ara Giund, 



rig 111 



P/ li 



sil 



Z)ewr 01 the 161 spea ee of 
prifer P & 11 lb oocut in the 
Lwei -iiliinn 18 in tie I ppei 
a the Deron in 59 
the CirbomlaiouB Limastone 1 
the Permian, 8 m the Tiuib, and 
a tlxe Oohte. 
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ARACHrilDANS. 




DeSBf. ihc 1 5 spoeiBa ct ^, ., ,,, „i u, > .^ j_, ,.^. j i,.,,u,i., ui lu 
the Upper Silmian, 43 lu the Dt\oniau, 1^ in tht Caibutiiferoue limestona, 
S in the Permian, fuid 3 in the Tms. 

Iir. ARTICULATED 

Descr. The animals of this claaa are distinguistGd by having 
envelopes oonneoted by anniilated plates or rings. 

Eieam. The earUi worm, blood sucker, lobster, crab, horse-Blioe, spiders, 
acoipioiis, insects. 

Sem. Excepting the ineeotB, of whLoii more Iban 100,000 living species are 
already known, the animaU of this class are not namerous ; and but few of 
its tribes are found ia the roeks, 

I?isecls. 
Descr. Until recently, no insects liaA been discovered lower in 
the rocks tban tte oolite ; but nine species have of late been dis- 
interred in the ooal formation. Not less than 31 species occur in 
the Lias, 43 in the Oolite, 5T in the Wealden, 1,394 in the Ter- 
tiary. Bronn's Lethcea Geognostica, p, 811. Annals and Mag. 
Nat. Hist. leh. 1841, p. 495. 



Sem. If there is any probabilitv that inseota w 
times, and no sufEoieQt reason can be ^ven to show that they were not, it 
may aeem strange that their remains so rarely oecur. But in the first place, 
B. large part of these ammals are too frail to be preserved m. a foaail state. 
Secondly, only one or two spaoiea of inseota are found ia salt water, which is 
the principal medium by which orgsnic remains have been preaerved ; and 
"lirdly, they are so light na to amk with difficulty in the waters, while a great 



Aracknidans; or, Spiders and Scorpions. 

Descr. The scorpion has been found in the coal foroiation in 
Bohemia, by Count Sternberg; and is the first example of this 
animal in a fossil state. Spiders have not been found lower than 
the oolitio series, where only two species are rccognined ; but in 
the frosh water tertiary several species occur. 
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OEUaTACEANS ISILOBITES. 



Cr 



Descr. Crastaceous animals are not oommon in the rocks ; yet 
the King Crab {lAinulus,) so abundant on the coast of New Eng- 
land, has been found in the coal formation, and also in the oolite, 
where other animals of this family occur. But the most remark- 
ablo animal of this class is estinct, viz : 

Tlie TrUcAite. 

Descr. This singular animal, which is found in the older fossil- 
iferoua rocks, in all the northern parts of Europe, in North and 
South America, and at the (Jape of Good Hope, was long confound- 
ed with insects. But it was at length ascertained that it corre- 
m)onded most nearly to the living genera of crustaceans the Serolis, 
Limulus, and Branchipus Figs 113 ■jnd 114, represent two 
genera of tiilobites, out of the many geneia and species that are 
Known It will be seen thit this ammj,l i- composed of a shield 
Pig 113 





Rsst<>ralim <■/ Pirodoiddes T^uini of Brong. 
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oovering tbe anterior part of the body, while the abdomen has nu- 
merous eegmenta whieh. fold over one another like tiiose on a lob- 
ster's tail. By this arrangement some of the species had the 
power to roll themselTes up lite the wood louse, or the armadillo, 
and thus of defending themselves against enemies. These animals 
are usually from one to sis inches long, and are divided by longi- 
tudinal furrows into three lobes ; and hence their name. They 
seem to have been destitute of antenme, and their legs, which were 
soft, and which answered the purpose of legs and wiaga, hare dis- 
appeared, 

Dfser. By tat the largest trilabite ;et deaeribed, la the TeotetiiS mozimut, 
found in Ohio, and figured by Professur Loeke, in th« Second Annual Report 
on tbe Geology of tbst State, p. 248. Its ealire length ia 19 1-2 inohea I 

Descr. Trilobites abounded among the earlier inhabitants of the 
globe, being most common in the Silurian rooks. A few species 
occur in the carboniferous strata ; above which, not a trace of 
them has been discovered. In the carboniferous strata they are 
acoompanied by the Limulus. This latter also occurs in the 
oolitic group, with other crustaceans of a higher order. 

Descr. Perhaps the moat curious fact respecting the trilobites, is 
the discovery of their eyes, which are sometimes perfectly preserved. 
It is well known that the eyes of orustaeeous animals, like those 
of insects, are made up of a vast number of facets, or lenses, placed 
at the end of tubes, which are arranged side by side, so as to pro- 
duce a radiating mass of eyes, which being generally of a hemi- 
spherical or eonioal form, and sometimes elevated from the head on 
a stem, enable the animd to see in every direction ; although their 
eyes have no motion. In some insects the number of these lenses 
in both eyes, as in the house fly, is 14,000; in other oases, (the 
dragon fly,) 25,000 ; in others, (the butterfly,) 35,000 ; in others, 
(the Mordella,) 50,000. But in the trilobite they amount only to 
about 800. The whole mass is of a oouical shape as is shown in 
F^. 115. 




Fi/es of the TrilMte. 
■. VERTEBRAL ANIMALS, 



Descr. This extensive divisioi 
those animals whoso orgajuzatioi 
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their head. A oranium and vertebral column, whicli encloae the 
principal part of the nervous system, and a regular skeleton, 
covered by muscles, constitute the principal anatomical distinctions 
between this division and the three that have already been con- 
sidered. It is divided into four weU-marked classes; 1. Mam- 
malia. 2. Birds. 3- Reptiles. 4. Fishes. 

Run. Iclitlijology,orthe history of fiahes, has received such great improve- 
ments from the labors of Profesaor Agaasiz, aa developed in hia great work, 
entitled Recherches sar les I'oisaona,par L' Agassi:, ac, that it may almost 
be regarded as a new science. Especially is thia the case in reapeot t« fossil 
ichthyology. 

Descr. The number of living species of fishes now known amounts 
to about 8,000 ; and the number of fossil species to more than 
1,700. Buckland's Bridgeiaater Treatise, vol. 1, p. 267. Ed. 
Pnil. Journ. Oct. 1845, p. 301. Agassiz estimates the number of 
species that have lived during all the geological periods, at 30.000. 

Descr. Pishes are found in all the great rock formations, from 
the Silurian upwards : — a fact which is not true of any other class 
of vertebral animals ; and therefore the history of fossil fishes 
becomes of great importance. 

Descr. Agassiz divides fishes into four orders; deriving their 
characters from the scales: 1. The Tlaandians, or those whose 
skin is covered irregularly with plates of enamel (from nlui, a 
broad plate.) 2, The Ganoidians ; (from yavos, splendor,) or 
those having angular scales of horny or bony plates, covered with 
a thick plate of enamel. 3. The Ctenoidians, {* re»s, a comb,) or 
those hoving jagged or pectinated scales. 4. The Cycloidians, 
(nvxlosi a circle,) 01 those having scales smooth and simple at their 
margin. 

Descr. Three- fourths of the existing species of fish belong to 
the two last orders, whose existence has not been ascertained be- 
low the chalk ; the remaining fourth belongs to the two first orders j 
which are not at all numerous now, but existed alone in all the 
periods during which the fosailiferous rooks below the chalk were 
deposited. Agassiz in the American Journal of Science, vol, 30, 
p. 39. 

Prin. Not one species of fish has yet been found that is com- 
mon to any two of the great geological formations; or is now Kv- 
ing in the ocean, 

Prin. Fossil fishes do not change insensibly as we pass verti- 
cally from one formation to another, but abruptly; and these 
chants occur simultaneously with those in other classes of organio 
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Inf. HeuoQ tlie conclusions that have been made from the his- 
tory of other organic remwns, are confirmed by thia new branch 
of palaeontology. 

Descr. Below the cialk not even any genus ia found that em- 
braces any living specip'i ■ those of the carboniferous strata dis- 
appeai with tho deposition of the new led sandstone ; those in the 
oolite introdu.<,ed alter the epoch of the new red sandstone, sud- 
denly vani h with the apj earancn of the chtdk. Two-thirds of 
those m the chalk an 1 one third of those m the lower tertiary 
strati belong to geneii no longer existing American Journal 
of Science vol SO p 40 41 

Rent. This oonetMaoy m the eharaeter of foBail fishes haa enabled M. 
AgHSsiz to determiae the true eituatloii of several groups of I'oaks in tha geo- 
logical scale, that geologieta had been unable to fis ; or had put them in the 
wroug plaee. 

Desor. lu the old red aandstone is found a genus of fishes, of singular foriu. 
Fig. 116 exhibits a speoiea of this hind. 




Descr Agaaaij has desoi ibed seventeen genera of eaui old fishes found in 
all the loimntioua fiom the earboniferous upward, except the tertiapy. but 
only two genera remniQ among living fiahea vie. the ifp!i&a(e«s osieai or 
boQy pike of Horth AuiPiioa , of "Jhioh theie exist five apeoies , and the 
Oalypterus of two apeoies. Some of these sauroid fishes ia. the I'oeke were 
; their teeth beiog larger than those of the living crocodile. 



Descr. These fishes occur m a living state all over the globe ; 
and there seems to have been no period in geological history in 
which they did not prevail. More than 160 species have been 
found fossilized. Fig. 117 shows a shark's tooth of enormous size, 
found in Lenoir County, North Carolina, by Mr. John Limber. 
Estimating the size of the animal by the rules given by zoologists, 
its length must Lave been between 70 and 100 feet. 
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Desor. Another singular variety of flsh is found in all the strata 
below the lias, distinguished by their heterocereal or unsjiumetri- 
cul tails ; that is, by tails whose upper lobe extends much the far- 




Shark's Tootli, natural she: North Carolina. 
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thest, bj the j. lon^at on of tl d teferal col mn 
represents one i the e flaheb oi the genus Falao s 
living fishes ha e h inoce ai o "^ lly b loL to ta la 




Ikscr The g oat n ml er ot fishos that are somet mes crowded 
together a a ook may >9 lea nt fro n F ^ W^ f o n the fresh- 
water tert iry st ata of F noe D h^ j s Cou s Ek nentaire 




Descr. The fecal remains of fishes and other animals which 
h(i7e heen found frec[«ently in several formations, have been called 
Coproiiies. Sometimes they are found detached and sometimes 
in the body of the animal ; and the information derived from them, 
as to the food, habits, &c. of the animals to which they belong, is 
of great importance. 
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Mm. The coproliWa of birds have been found, in connection with thei» 
trncltB, in Springfieid, MaBaaohuaette. From a careful analysis by Dr. S. 
L. Dana, they were found to contain uriu acid, and in such a proportion aa 
Bhowa not only (hat they are the droppings of birds, but of B particular kind 
of birds, viz. the omniyorous tribes, suoh as produce the guano. 



Descr. Prof, Owen has divided the reptiles into eight orders, 
all of which are found more' or less in a fossil state, and three 
of which, (Nos. 1, 2, and 5) are exclusively fossil. Order I. 
Dinosauria, or Land Saurians; embracing only 3 genera of 
gigantic size; the Megalosaurus, Hylseosauvna, and Iguanodon, 
found in the wealden and oolite formationa. 2. Enaliosauria, or 
Marine Saurians; embracing 3 eenera also, viz. Plesiosaurua, 
IchthyoBaurus, and Pliosaurua ; wnioh, however, contain 28 spe- 
cies even in Great Britain. Found in musohelkalk, lias, oolite, 
wealden, and ohalt. 3. CrocodUia, (Crocodiles, &c.) embracing 
in England 8 genera and 14 species, and found in the lias, 
oolite, wealden, chalk, and tertiary. Among these the largest was 
the Cetiosaurus, which was 60 feet long, and rivalled the modern 
whale in size. 4. Lacertilia, or lizards. Found in magnesian 
limestone of the Permian system, and the new red sandstone of 
the Triassie ^stem. It embiaoea in England 8 fossil genera 
and 10 species. The most i-emarkable of these was the Rhyn- 
ehoaaums, whose structure approached that of birds. It is doubt- 
ful even whether it had teeth, and it probably had a hind toe, ex- 
tending backwards 5. /'iK-osfflwrio;, or Plying Saurians ; embrac- 
ing only one fossil and no living genus, viz. the Pterodactyle, 
which occurs in the lias, oolite, and wealden. 6. Chdonia, or 
Tortoises. Pound fossil in new red sandstone, oolite, wealden, 
chalk, and tertiwy; and embracing in England 6 genera and 20 
species. 7. Ophidta, or Serpents. Found fossil only in the ter- 
tiary, where in England only one species has been discovered, 
which was sometimes twenty feet long. 8. Batrachia, or Progs. 
The whole number of fossil reptiles found in Great Britain alone, 
and described in the admirable Report of Professor Owen on 
British Fossil Reptiles, is 85. See Report of the British Associa- 
tion for 1839 and 1841. Also Ansted's Geology, voL 1, p. 303. 
In 1849, Prof. Bronn, in his Indez Paleontologicus, enumerated 
14 genera and 65 species of Batrachii, 7 genera and 14 species of 
Ophidii; 79 genera and 206 species of Saurii ; and 16 genera 
and 99 species of Chalonii ; in all, 1 16 genera and 384 species. 

Mem. I shall now describe more particularly a few of the mosli 
rematkable of the fossil reptiles. 
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Ickthyoaaurus. 

Descr. Tljis animal sometimes more than 30 feet long, and of 
whioli 15 apeoiea are known, had the snout of a porpoise, the teeth 
of a crocodile, (sometimes amounting to 180,) the head of alizavd, 
tlie vettebriB of a fish, the sternum of an ornithorhynohus, and the 
paddles of a whale : uniting in itself a combination of mechanical 
contrivances which are now found among three distinct classes of 
the animal kingdom. One of its paddles was sometimes composed 
of more than 100 bones ; which gave it great elasticity and power, 
and enabled the animal to urge its way through the water with a 
rapid motion. Its vertebrae were more than 100. Its eye was 
enormously large ; in one species, the orbital oavity being 1 4 inches 
in its longest direction. This eye also, had a peculiar construction 
to make it operate both like a telescope and a microscope : thus 
enabling the animal to descry its prey iu the night as well as day, 
and at great depths in the water. The length of the jaws was 
sometimes more than 6 feet. Its skin was naked, some of it hav- 
ing been found fossil ; its habits were carnivorous, its food, fishes 
and the young of its own species ; some of which it must have 
swallowed several feet in length. This flsh-like lizard was an in- 
habitant of the ocean. Fig. 120 exhibits a restored ichthyosaurus, 
by Mr. Hawkins Memoirs of Ichthyosauri and Flesiosattri, 
extincl Momtn-i, of t/ie ancient mi th Bv Thomas Hawkins, Esq. 
Folio, with 28 plates 




Descr. This animal, of which 20 species have been founil, has 
the general structure of the ichthyosaurus. Its most remarkable 
difference is tlie great length of the neck, which has from 20 to 40 
vertehrse; a larger number than in any known animal; those of 
living reptiles varying from 3 to 6, and those of birds from 9 to 
23. 

The largest perfect specimen yet found is 1 1 feet long ; with 
about 90 verteDVffi. Its paddles were proportionally larger than 
in the ichthyosauri. It was carnivorous ; an inhabitant of the 
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ooean, or ratker of bays and estuaries ; where it probably used its 
long neck for seizing fish beneith and perhaps flying reptiles, 
above the waters Fig 1"1 exhib ts a restoiation of one of the 
most remiikalle apeuie-j the P dolirhodeiius by Mr. Hawkins. 



Fg 1 




Rem, According to Dr. Havlao'a Medical and Pliyaioal Reaearciias, iclitliy 
osauri and pleaioaaui'i hava been found in the aeoondarj roeka of the United 
States. Jfimnjr Review for Janvar^!, 1BS9, p. 10, 

Mosasaurus. 

Descr. Up to the time of the deposition of the ehalk, the ich- 
thyosaurus and plosioBauras appear to have ruled in the ocean ; 
but then they disappeared, and the moeasaurua took their place, to 
keep the multiplication of the species of other animals within proper 
limits. It was most nearly related in its structure to the monitor, 
a species of lizard now living. While the head of the largest 
monitor does not exoeed five inches in length, that of the mosasau- 
rus is 4 feet long ; and the whole animal 25 feet in length ; while 
the monitor is only 5 feet in length. It had paddles instead of 
legs; and the number of its vertebra was 133. 



Desci: This name {meaning a g^'eat saurian^ has been given 
by Dr. Buckland to a gigantic terrestrial reptile, 30 feet long, 
allied to the crocodile and monitor in structure, and found in the 
oolite. The animal was caniiTOroua; and in the structure of its 
teeth are combined the knife, the saw, and the sabre. Its princi- 
pal food was probably crocodiles and tortoises. It had a Dino- 
saurian companion, called the Hyljeoaaurus, about fifteen feet long. 

Bem. For onv knowledge of this moat gigantic of all the lepfcilca of a foF- 
mer world, we are indebted to the industry and scieutifio auumon of Dr. 
Mantell, who found its bones along with those of the megnlosauruB, hylreo- 
aaunis, plewoaaurus, oroeodile, itte. in the wealden roeka in England ; a fresh 
water, or rather an estuary formation, extending over more than 1,000 square 
miles. It must ouce hare formed the delta of a litrge river, wbieli has dis- 
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s well as the country from which it originated. Wonders af 



appeared, 
Geology, \ 

Descr. Thia animal approaches nearest in its structure, es- 
pecially that of the teeth, to the living iguana ; a reptile of the 
warmer parts of this contineat; and hecce its name ; signifying an 
animal with teeth like the iguana. Its average longth was ahout 
30 feet; cirouroference of the hody, 14.5 feet : length of the hind 
foot, 6.5 feet ; circumference of the thigh, more than 7 feet ! The 
form of the teeth shows it to have heen herbivorous, like the living 
iguana. It had a horn 4 inches long upon the snout, like some 
species of iguana. Fig. 122 will give some idea of the iguanodon.* 




Pterodaoiyh. 

Rsm. Of all the foaal animals pi-obsblj this is the moat heteroelitio, and at 
first view, moneti-oua. Henoe anatomiata were unable for a long time to refer 
it to its ti-ue place among animala; some pronouncing it abii'd. some a rep- 
tile, and some a bat. But Cuvier at last developed its true characters, and 
proved it to he a beautiful esample of the wisdom that adapts et ' 
peculiar and varied modr- " — ■' 



canoot but b 

" With bead uplift above the waves and eyes 
That spavkliDK blazed, liis othec parts besides 
Prone on the flood, extended long and larga 
Lay floating many a rood, in bull as huge 
As whom the fables name of monstrous size, 
Titanian,or earth born, that wai'red on Jove. 
Briareos or Typhon, whom the den 
By ancient IWaus held, or that sea beast 
Leviathan, which God of all his works 
Created hugoat that swim the ocean stream, 

ParadUs io8!,BooIi 1, line 192, 
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I>escr. This animal had the head and neck of a bird, the mciizth 
of a reptile, the wings of a bat, and the body and tail of a mam- 
mifer. Its teeth, as well fts otter parts of its structure, show that 
it could not ha^e been a bird ; and its osteolo^oal cbaractera 
separate it from the tribe of bats. But in many respects it had 
tho characters of a reptile. The outer toe of its fore feet was 
enormously eloHgated, to furnisli support, it is probable, for a 
membranous wing. By this meaos these animals were doubtless 
able to fly like the bat ; while the fingers with claws projecting 
from their wings enabled them to creep or climb. Whea their 
wings were folded, they could probably walk on two feet ; and it is 
moat likely, also, tbey could swim. Their eyes were enormously 
large; so that they could seek their prey in the night. They 
probably fed on insects chiefly ; though perhaps, also, they had the 
power of diyiiig for fish. Fourteen species, from the size of a snipe 
to that of a cormorant, haye been found in the oolite and lias in 
and oa the continent of Europe at Solenbofen. Eig. 
■s several of these animals restored, 
Fig 123 




JieHi. "Thu? 'siya Di BiioUmd, ' like Hiltons tictid all qiialifiad for al 
Bervioes, and all clemeats, the pttrodaotyle was a. fit tompnmon for the kin- 
dred reptilea that BWdimedm the saas, oi crawled on the shores of a turbu- 
lent pliioet. 



Aud awiiiiB, or aiake, or w _, ._ _ , 

Faradise ZoU, Book 2, line 94t. 
" With flocks of Buch-like oreatur^ fljing in the air, and ahoaU of no lees 
monstrous iohtliyosauri and plesioaauri Hwai-miog in fjie ocean, and gigantio 
croooiMUs aad tortoises crawling on the shores of the primeval lakes and 
riverfl ; idr, sea, and laud must have been strangely tenanted in these early 
perioda of our infant world." Bridge-mater Trcaliso, toL 1, p. 334. 
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Crocodiles and Tortoises. 

Descr. Of twelve species of the crocodile family now livingi 
three are alligators, eight true crocodiles, with a short and broad 
snout, and one, the ga^ial, with a long and narrow beak, adapted 
for feeding oa fish. Of the 21 fossil species, all those in the 
secoudary rocks approach in structure to the gavial; probably 
because few other aiiiTEals then existed but fish on which they 
could feed. These gavial saraians are called tekosauri and steneo- 
sawri. Of the former, one has been found 18 feet long, with 140 
teeth. The fossil crocodiles with short snouts, differ so little from 
existing species, as to need no description. 

Descr. Tortoises, both marine, fresh water, and terrestrial, have 
been found fossil in all the formations above the coal foi-mation. 
One of these in the musoheltalk, a sea turtle, was 8 feet long; 
another in India was 20 feet across. Ansteii''s Geology, vol. 2, 
p. 99. 

Desor. The traolcs of a Chelonian (probably) were found in 1850 
on the old red sandstone of Scotland similar to those found in the 
game country in 1828 in new red sandstone. But these will be 
referred to again in another part of this work, 

Batrachians. 

Descr. In 1851 Mr. Patrick Duff discovered the skeleton of a 
reptile, probably a Batraohian, in the old red sandstone of Elgin, 
in Scotland, which has been figured and described by Dr. Mantell. 
[Quarterly Jawrnalof Geological Society, May 1852, p. 97.) Ha 
calls it Tyer}Kton Elginense. As it is the oldest vertebrata a 



give the sketch below of 
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Descr. Mr. Lea has described trauts on what he calls the old 
red sandstone of PenusylTauia, and Dr. King on a lower member 
of the Carhoniferons series, which appear to me to be manifostly 
those of BatraoMacs, altliougli others regard them as of Saurian 
origin. I have also described the tracts of not less than six 
species of animals in the new red sandstone of Connecticut valley, 
■which I have referred to Batrachians, Two of these were bipeds, 
and one of them had feet 20 inches long. It quite staggers our 
faith to saj that biped Batrachians (frogs,) of such gigantic size 
once trod the shores of this ancient estuary. But these tracks 
come nearer in form to those of that family than to any other 

Descr. When we rise to the tertiary strata tiie remains of tliis 
tribe become numerous, amounting to more than 50 ; and they 
greatly resemble existing frogs, as the figure below, {Fig. 125) 
taten from a specimen dug out of the paper coal near Bonn, and 
deposited in Prof. Goldfuss' fine cabinet m that city, will show. 
Kg. 125. 



--'"' r 



■'A 



Inf. Upon the whole, we must regard the Batrachians as per- 
haps the oldest of the vertebrata air-breathing animals that were 
placed upon the globe. Yet being amphibious, they might have 
lived in a state of things quite unfit for mammalia, — much less for 

Birds. 
Descj: In alluvium 101 species of birds have been found; in 
the tertiary 41 species; and two in the chalt. Below this forma- 
tion no certain esamples of their bones have been found. But of 
the 50 species of animals, brought to light from their tracks as 
having lived during the Triassic period m the valley of Oonnecti- 
out river, 23 were most probably birds; 8 of whioh appear to have 
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been StrutbionicUe. (See Transactions of the Amer. Acad, of 
Arts and Sciences, voL 3.) 

Desor. Probably the most remarkable diaoovery in paleontology 
during tlie present century, was that of the bones of the Dinornis 
in New Zealand, by English miasionariea. From a fragment of a 
femur, to be seen in the Hunterian Museum in London, Prof. Owen 
construoted the whole bird, and the oorrectneas of his inferences 
was proved by the subsequeflt discovery of a great amouat of bones. 
From these Prof. Oweo nas described not less than eleven speciea, 
all probably now extinct, which he has divided into three genera; 
the Dinomia, seven species ; the Palapteryx, two species ; and the 
Aptomis, two species. They varied in size from that of the great 
buatard, three or four feet high, to that of a bird ten feet high, via. 
the JJiuornis giganteus. These birds appear to have been apter- 
ous, or wingless, and are called Moa, by the natives. Zoohgieal 
Tran$., vol, 35, p. 235, and most of the Scientific Journals for 
several years past. 

Descr. It appears that other brevipeunate birda, at least three 
species, technically called Didinte, existed about 200 years ago in 
tho islands of Mauritius, Bourbon, and Rodriguez, in the Indiau 
ocean. The most remarkable, the Dodo, existed in Mauritius: 
being large enough to weigh about 50 pounds, and of peculiar as- 
pect ; as may bo seen below, Fig- 126. One or two heads and feet 
of this bird are all that are preserved in the cabinets. 
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. Tlie Solitaire {Fezohaps solitarius Str.) lived in Kodri- 
d i3 shown below, Fig. 127. See " the Dodo and its kin- 
splendid work by Strickland and Mdville, London, 1848. 



i>. 




Peaohapi tiohlmi^ Tl Salt ' 
Descr. In 1&50 the b)nes and eggs if in extinct bird, atiU 
larger than tlie Dinornis, were found by a, French captain in the 
island of Madagascar, and have been described hj M. St. Hilaire. 
This extinct bird, called the ^piorms mcushmis, must have been 
at least 12 feet high. Its egg was eijual to U8 hen's eggs, and 
50,000 humming birds' eggs; it was 13| inches in its largest diame- 
ter, and 83^ inches in circumference. Casts of the bones and eggs 
of this bird are in possession of Dr. John C. Warren of Boston, as 
a part of his magnificent collection of fossils : also a oast of the 
same egg, and the real bones of the lower leg and foot of Palap- 
teryx ingens, in the Cabinet of Amherst College, 
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MAMMALIA, 

Descr, The lowest maniraiferous animal found fossil is the Miero- 
lestes antiquus in the Trias of Wurtemhurgh ; hut it is not 
settled what sort of a mammifer it was. The next lowest animal 
of this class were 2 marsupials (like the kangaroo) found by Dr. 
Buekland in the oolite of England. Bronn mentions only two 
others, till we reach the tertiary, where his list contains 392, and 
the alluTiiim has furnished 358, 

Descr, Among these fossil animals, are many of existing genera, 
and 80 nearly related to existing species, that a particular descrip- 
tion will he unnecessary. Such are the fossil species of the rhino- 
ceros, hippopotamus, hog, cat, glutton, horse, ox, deer, bear, hyena, 
weasel, hare, rabbit, rat, mouse, &c. In general, howerer, the 
fossil species are of a larger size than those now living ; indicating 
a warmer climate when they were upon the globe. 

Descr. The marine fossil mammalia, such as the whale, the dol- 
phin, the seal, the walrus, and lamantin, occur as we should ex- 
pect, in tertiary strata deposited in the ocean; and some of the 
terrestrial mammalia are found mixed with marine animals in salt- 
water formations ; having been drifted into the ocean bj[ rivers. 
Other terrestrial mammalia are found in iresh-water formations, 
deposited at the bottom of lakes and ponds during the tertiary 
epoch. Others occur in caverns and fissures, which existed in the 
dry land during the same period ; and finally, similar remains are 
found dispersed through the drift, which is spread over forma- 
tions of every age. 

DestT, At the meeting of the ABSoeintioa of American Geologists ih 1841, 
Dr. Harlan stated that the continuous vertebrae of a cetaceous animal had 
been found in Alabama, as much sa 100 feet long. Subsequently this animal 
wna namad Zeuglodon cetoidea by Prof. Oweo, who describes it " as one of the 
most extraordinary of mammaUa which the revolutions of the globe have 
blotted out of the number of eiistmg bemgs." 

Descr. The annexed sketch of this animal, Fig. 128,is copied in 
a reduced form, from one given by Dr. Koch, in Haidinger's 
NaturvnssensckafUicke Ahhandlungen for December 1851. The 
original exhibits 120 vertebrfe, whose number is necessarily re- 
duced in the present drawing. The skeleton from which this 
sketch is taken, is put np in Berlin, divested of those supposititious 
Tertebrse with which it was encumbered when on eshibition in this 
country. 

Descr. The history of bone caverns and fissures, as descPflDed by 
Dr. Buekland in his splendid work entitled Rdiqua DUmnante, 
deserves a more extended notice than can here be given. Prom a 
careful examination of these osseous caverns, by Dr. Buekland, it 
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appears that some of them, aa that of 
Kirkclale, Kent's Hole, &c., in Eng- 
land, were the residence of hyenas, for 
a long time preyioua to the historic 
period; and tliat these animals dragged 
in thither great quantities of bones of 
other animals on which they fed. This 
is proved by the broken and gnawed 
state of the bones, and by the great 
quantity of coprolites belonging to the 
hyena found in the caverns. Other 
caverns appear to have been the abodes 
of bears for a long period, as those of 
the limestones of central Germany. 
In one of these, the cave of Kuhlok, 
more than 500 cubic feet of black ani- 
mal dast, impressively denominated 
, the dust of death, were found, resulting 
: from the decomposition of bears ; 
j" which must have required at least 2500 
1^ of these animals ! The bones of the 
? I osseous breccia, found in fissures in 
I Somersetshire in England, and on the 
I northern shores of the Mediterranean, 
■1 belong mostly to animals that fell into 
1, fissures that were afterwards filled with 
J detritus, ReliquiaDiiuviana,^'p.\S7 
andUS. London,1823, DelaBeche's 
Manual of Gedogy, p. 181. 

Descr. Sometimes ossiferous cav- 
erns have been used by man as a place 
of habitation, or more frequently as a 
place of sepulture. And hence bis 
bones, as well as fragments of pottery, 
and other relics of a rude people, 
sometimes are found so mixed with 
the remains of extinct animals, as to 
lead to the inference that they were 
deposited during the same period. In- 
deed, in some of these caverns in the 
south of France, it is still believed by 
some geologists, that the remains of 
men were of contemporaneous deposi- 
tion with those of the extinct mamma- 
lia. The English geologists appear to 
be decidedly of the opposite opiuioo. 
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Descr. OsBeoua brecoifts Lave been fouod in Australasia; con- 
taiDiDg bones of the kangaroo, wombat, dasjarus, koala, halmata- 
rus, elephant, bypsiprimnus, &c., most of which are animala living 
in that country. 

Descr. In the Upited States a few osBiferoua oaveras have been found, though 
nooe of them exactly eorrespondlng with the Enropean caverns. Some of 
Uiem appear to have been filled with fragments of roeks and bones which were 
partially eenieoted by stalagmite, during the alluvial or historic^ period. An 
example of tliia Mad haa been commanieated io me by the Ists Pro£ L. R 
Clarke, of the college of East TeaneBsee. in a letter dated Aug. 33d, IGSS. 
The CHVero is situated in the towo of Chittenden, Vl, from 2,001) to 8,000 feet 
above Otter Greek, and in limestone interatratiSed with niiea elate, having an 
easterly dip of about 65°. The bottom of the cavern has a westerly sbpe, 
as shown in Fig. 139, which is an imperfect sketch from memory. 
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Bont Cavern : Chillendm, Vermont 

The roof and sides of tlie cavern are covered with Inrge Btaloctitee, and the 
boftom with loose fragments of rooks, in many places to the depth of at least 
five feet. The fragments at the aurfaee are mostly cemented together by atalag- 
mite, but rarely at much depth. The bones are aoattei"ed among the frag- 
ments, and are much broken, and many of them goawed by the leetli of some - 
email animal. These bones, ao far as they have been anatom>c»lly ej 



appear to belong to existing animals; among which those of the bat wen 
- y abundant; and it is supposed (Sat some of them belona to the yi.olf.ra 
% Ac. They appear very fresh, still retaining most of their animal mat- 



e than the bnnes from the English caverne. From all the facts 
I infer that this cavern was prodnced by running water which probably bad 
an outlet at A, and that the fi'Bgments of stone were thus accumulated, while 
the stalagmite was forming and the bones were being collected, both bv car- 
nivorous animals, and by the death of others that might have ma<ie this car- 
em their habitation, during the alluvial or historical period. 

Early Fachydermata. 

Descr. In the older tertiary strata around the city of Parts, 
Baron Cuvier has brought to light more than fbrty eitioct quadra- 
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pecb, many of them allied to the modern pachydermata, or thick- 
skinned animals. Fig. 130 exhibits the form of the Aiioploche- 
riwn graciie, which waa of the size and form of the gazelle, living 
like the deer and the antelope. Fig. 133 is the A?wplotherium 
commitne ; an animal about the size of the wild boar, with the 
means of swimming with facility. Four other species have been 
described. Fig. 131 is the Pakeotherium magnum, of the size 
of the horse, but more thick and clumsy. Probably it had a trunk. 
Fig. 132 is the Palceothfrium minus, of the size of the roebuck. 
Ten other species have been described. 



Fig. 181. 




ISO. Aaoplatheraim graeiU : 1S8, Anoplolherium 



Mammoth ; or, Fbssil EUphant. 

Xhscr. Two species of living elephants are known ; the Asiatic, 
&t Indian, which extends only to the Slat degree of north lati- 
tude; and the African, which occurs as far south as the Cape of 
Gkiod Hope. A third species is found in a fossil state; especially 
in the northern parts of Asia and Europe ; as well aa America. 
It is this extinct species that goes by the name of mammoth — 
an Arabic word (beh£moth,) signifying elephant. Fig. 134 ex- 
hibits the skeleton of the remarkable specimen found encased in 
frozen mud on the shores of the arctic ocean, in Siberia, with 
its softer parts preserved, aa baa been already described. This 
skeleton is now deposited in the Museum of Natural History in 
St. Petersburgh. Ita length is 16 feet; and its height 9 feet. 
Its hair, of which 30 pounds were preserved, consisted of black 
bristlea, J5 inches long, mixed witii wool of a reddish brown 
ador. 
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Mastoclon. 

Descr. Alttoigh tlie mastoclon is frecniently called the mam- 
moth in this oouutiT, where the remains of the largest species are 
abundant, yet it differs generically from the elephant in the form 
of ,ita teeth ; as may be seen in Figs. 135 and 136, below. Fig. 
135 is a side yiew of the grinder of the mastodon, and Fig. )3& 
represents the flat surface of the mammoth's grinder. 




Dti^u . ^0 le^s tlian 6eM.n spi-ucii of m.istodon haveheen. disoov- 
ered in a fossil state ; {thirteen species according to Prof. Grant : 
Murckison's An. Ad. for 1843, p. 110;) yiz. three in Europe, two 
in South America, one in the United States, and one in India. 
The largest species, M. Maximus, has been fonnd in almost every 
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part of the United States; though most abundantly in the salt 
licks of Kentucky, Ohio, &c. The most easterly {joint where the 
hones of these animals have been found, is Berlin in Connecticut. 
An almost entire skeleton has been put up in the Museum of Mr. 
Peale m Philadelphia, which is IS feet long, and eleven feet high. 
This was found in Orange County, New York. The moat remark- 
able locality in this country is at the Big Bono Lick in Kentucky, 
where a vast number of bones of various extinct animals are im- 
bedded in dark-colored mud and gravel, which appear to have 
been formerly the bottom of a marsh. This spot has been eaam- 
ined by William Cooper, Esq., with hia usual discrimination and 
accuracy ; and he is of opinion that the deposit containing the 
bones is to be regarded as drift. Ho estimates that the bones of 
100 mastodons, 20 elephants, 2 oxen, 2 deer, and 1 'megalonyx, 
ha¥e already been carried from this spot. 

Descr. In 1845 the skeleton of a mastodon, almost entire, was 
dug up in New Jersey, with skulls and other bones of four or five 
others. These have been purchased for Harvard College. A more 
gigantic and perfect skeleton was found the same year in Orange 
County, New York, in a peat bog, with marl beneath; where it 
stood in an erect position, as if the animal lost its life by getting 
mired in search of food. In the place where its stomach and 
intestines lay, was found a large mass of fragments of twigs and 
grass, hardly fossilized at all. Iho sketch below, Fig. 137, repre- 
sents this skeleton, which weighed 2,000 pounds, and is perhaps 
the most perfect and gigantic ever found. It is now owned by 
Dr. John C. Warren of Boston. Am. Quart. Jaur. cf Agriad. if 
&J.,vol. 2, No, 2, July 1S45 p 203 




Neteburq ilasloion 



Inf. This skpleton wai found, as mdeed mo«t others probably 
have been, in an alluvial formation, and the question whether it 
was antediluvian or poitdiluvian is a natural one, but not easily 
answered. Those familiar with tertiary foaaila, know that wom 
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and leaves are sometimes preseryed almost unchanged, eren as low 
down as the Eocene ; so that the apparent freshness of the bones 
and the contents of the stomach, do not settle the question. The 
grand objection^ the animals having lived within a few hundred 
ye^rs, is the difficulty of conceiving how ao enormous a creature 
could have sustained himself through our winters. Yet it ought 
to be recollected, that the Moose, — often nearly as large as a, 
horse, — does thus live by browsing in the forests of Maine. , It 
would seem, however, more probSjle, that the Mastodon lived 
when the climate was warmer ; since the allied huge animws do 
live in warmer latitudes. Perhaps the change of climate destroyed 
the Mastodon. 

Rhinoceros, Hippopotamus, Hyena, Horse, Ox, Deer, Sivathe- 
■rium, Monkey, Camel, Sfc. 

Descr. Most of these animals in their fossil state, differ ao little 
from the existing species, that they need not be particularly de- 
scribed m this work. They are generally, however, of larger siae 
than the living species. The rhinoceros found nndecayed in the 
frozen gravel of Siberia, has already been noticed ; and several 
other species of this animal occur in Europe and in India, asso- 
ciated with the hones of the elephant, also with several species of 
hippopotamus, and one or two of oxen, aurochs, and deer. The 
horns of the fossil ox are sometimes very large; in one esample 
31 inches long. So also the famous fossil elk of Ireland, { Cervus 
giganteus,) had horns that ineasured 10 feet 10 inches between 
their tips. Jameson's Cuvier's Theory of the Earth, p. 246. The 
most interesting remains of the hyena are those found in caverns. 
(See Rditpiia Siluviance.) The sivatherium is an extinct ani- 
mal recently found in India, in concietionary drift, larger than the 
rhinoceros, furnished with four horns and a proboscis, and forming 
an intermediate link between the ruminantia and pachydermata. 
In the same deposit were found the remains of a gigantic species 
of monkey and of a camel. Another species of monkey has also 
been discovered in tertiary deposits in France : so that the import- 
ant fact seems now well established, that the animals approaching 
nearest to man in their structure, have been found in a fossil state 
Wonders of Geology, vol. 1. pp. 138 and 226. 

Glyptodon, Megatherium, and Mylodon. 

Descr. Sloth and Armadillo. Because the Sloth {Bradypus 
tardigradus) is not adapted for walking on the ground, some writ- 
ers, and even some naturalists, (Buffon, &o.,) have ridiculed its 
structure, as if it indicated a want of wisdom. But it now appears 
that the animal was intended to live continually upon trees ; and 



^db, Google 



that its long forelegs, with long and very crooked claws, are ad- 
mii-ably adapted for this purpose. The armadillo, as is weD known, 
is covered with a hony ai'mor for defeaoe against enemies, dust, (fee. 
The few living species of this animal are small and oonflaed chiefly 
to South America, where they hurrow like the woodchuck. 

But the ancient armadillo, called the G-lyptodon by Prof Owen, 
was a giant. ' Its carapace, which is preserved in the Museum of the 
Koyal College of Surgeons in London resembles a huge cask. 
" ' a sketch ot the aa n 1 s restore! E g 138. 




Desc The Megatherram is an pnormou est a t animal which 
was onoe abun i^nt m the vaat pliins or panif as nf the same conti- 
nent They have been litelj f und >y Mr Dai win over an extent 
of 600 miles leeompanied with hones and teeth of five othei quad- 
rupeds some of them of a Bimdai construction Dr Mitchell and 
Mr Cooper havp also described bones of this anima! fiom the 
island of Skiddiway on the coast of Georgia Bud land s Bridge- 
vxttPT Tieatise vil 2 p 20 Annah of N Y I/ycmm May, 
1824 It was laigei than the rhmooeios ind its propoitions were 
perfectly colossal With a head and neck like those of the slotb, 
its legs and feet exhibit the character of an armadillo anl the ant- 
eatei Its bodv was 1 1 feet long, and 8 feet high Its forefeet 
were a yard in length, and more than 12 inches wide; terminated 
by gigantic claws. Across its bauncliea it measured five feet ; and 
its thigh bone was neai-ly three times as thick as that of the ele- 
phant. Its spinal marrow must have been a foot in diameter; 
and its tail, at the part nearest the body, twice as large, or six feet 
in circumference ! Its teeth were admirably adapted for cutting 
vegetable substances; and its general structure and strength seem 
intended to fit it for digging in the ground for roots, on which it 
principally fed, "Fig 139 exhibits tlie entire skeleton of this ani- 
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at Madrid, in Spain, Buckland's 



ma], which exists in the 
Brtdgewater Treatise, toI. 

Mem. I. Dr. Harlan haa described the remdos of a huge estjnct animftl, 
allied to the above, from Miseouri, under Che name of OTycteroiheHvan 
Jfis«o«risBS!» ; and Dr, Henry C. Perkins has deseribed, in tie Boston Jour- 
nal of Natural Hiatorj, another species from Oregon Territory, as the Oryct. 
Oregonemif. 

Fig. 139. 




M'gatherfunt 



Descr. In the superficial deposits of Soutli America, several in- 
teresting extinct animals have been found, belonging mostly to the 
Pachydermata, or thick-skinned, and the Edentata. The Tosodon, 
which had a skull '28 inches in length, approximates in its struc- 
ture to several families of animala, viz. the Kodentia, the Rumin- 
antia, and Cetacea ; although, in fact, a Pachyderm. The Ma;- 
<iraachenia greatly resembled the llama, and had a neok almost as 
long as that of the giraffe, with a body nearly as large as that of 
the rhinoceros. This also was a Pachyderm. The Mylodon, an 
Edentate animal, was of massive and singular proportions. Its 
body was shortef than that of the hippopotamus, but was termi- 
nated by a pelvis as broad as that of the elephant and deeper, rest- 
ing on two massive but short hind legs, with feet as long as the 
thigh bones. The tail, as long as the legs, and very thick and 
strong, was probably used like that of the kangaroo, to support 
the body when the animal raised up its anterior extremities. It 
is supposed by Mr. Owen, that the peculiar structure of this ani- 
mal adapted it, first for digging around trees, and then, resting 
u^on the tripod base of its hind legs and tail, it seized the timik 
with its fore legs, and rocked it to and fro, until it was prostrated, 
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and its leaves fijrnislied food for eeveral days, perhape. The 
following sketeh will give a good idea of thia animal. Fig. 140, 




Mylodon rotfuatus. 

Descr. The Scelidotherimn waa aa analogous animal not larger 
than some of the existing ant eaters of South America, but with 
eioesaively large hind leg These inimib are all called Mega- 
theroids, because they resemble the Megatherium 

3Imalo?iyx 
Ikscr. This animal was first described b\ Mr Jefferson, who 
mistook its characters It was found in the nitre caveros of Vir- 
ginia and Kentucky, and has '.ince been discovered in other places. 
It was of the size of the-ox, and appears to hire been nearly re- 
lated to the sloth 

Dinothei luni 

Descr. Until recenth the mimmoth and the mastodon have 

been supposed the largest of all the terrestrial mammalia that 
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ever inhabited the earth ; but they muat give place to the Dioo- 
therium desorihed by Guvier as a gigantic tapir, but recently by 
Professw Kaup, a distinguished German naturalist, as a new genua 
between the tapir and the mastodon ; and adapted to that lacus- 
trine condition of the earth which seema to have been so common 
during the deposition of the tertiary strata. Its remains have 
been found in tertiary strata, in the south of France, in Austria, 
'''esse Darmstadt. Its length must 
One of its most remarkable pecn- 
i tusks, at the anterior extremity 
1 downwards, like those of the wal- 
ms to have been adapted to digging 
in the ground ; and for this purpose its feet as well as tusks, pro- 
jecting a foot or two beyond the jaws which were four feet long, 
were intended. It lived principally in the water, like the hippopO' 
tamus ; and it probably used its tusks for tearing up the roots of 
aquatic vegetables, which, as is shown by its teeth, constituted its 
food. Dr. Buckland suggests also, that these tusks might have 
been useful as an anchor fastened into the bank of a river, while 
the body of the animal floated in the water and slept. They 
might have been useful also, to aid in dragging the body out of the 
water and for defence. 



Bavaria, and especi^ly in Hi 
have been as much as 18 feet, 
liarities consisted in two 
of the lower jaw, which 
ms. Its general structure 



Fig. 141 ia a sketch o{ the Sinolheriiim gigaiiiemn a 
Eaup. Bitektan^s Bridgenater Treatiss, vol. 1, p. 135. 
the D. Bafarioum, bus been diacovered. 



restored by Prof 
Anotbet epeciea. 
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Fig. 142 represents the head of the Earns auiinaL 
Fig. 142. 




Dinolkeriam giganteum Head. 

Ichnotithology ; or, the History of Fossil Footmarks : ( Lhnology, 
BucMand.) 

Descr. This singular branch of palseontology has but lately 
begun to attract the attention of geologists ; since it is only 
within a few years that genuine examples of the tracks of animala 
in stone have been found. It is, indeed, and long has been the 
common belief, that such impressions are frequent ; but the geolo- 
gist usnally finds that they are merely the effects of disintegration 
or aijueous action, by which the softer parts of the rock are more 
worn away than the harder parts. The following are all the well 
authenticated examples of fossil foot marks that have been dis- 
covered up to the present time. 

Exam. ]. la the Traaaactiooa of the Soyal Society of Edinburgh for 
1828, Dr. DuDean baa glTen ao acoouDt, with drawings, of the tcaelifl ot a 

Juaiiruped on new red eandsUHie in the quarry of Corn Cookie Muir, in Dum- 
iee-shire, Sootland. These tracks have been found there In great abundaaoe, 
□□ many Bueceesive layers of the stooe, to the depth of 46 feet; or as low as 
the quarry had been opeued. Tbey occur also in another quarry, 10 miles 
south of Com Cockle Muir, where one series of tracks extended from 20 to 30 
feet. Dr. Biicklaad eeems to have satis factKirily eho^ that tLey were made 
by tortoises. BridgewakT Treaiiie, vol. 1, p. 259, 

Exam, 2. Id 1831, Mr, O; P. Sorope found numerous footmarlta of Btoall 
animals on the layers of forest marble, north of Bath in England. Tbey 
oeeur along with ripple niarka, taxi were probably made by Crustacea, crawl- 
ing along the bottom of an estuary. The impression of the (ail or the stomach 
is Bometimea Tisibla between tbe rows of Ttaoks. Journal of the Royal 
ImtitKlion. of Tjmdon, 1831, p. 538. 

Exam. S. Iq 1834, an aeoonut waa published in Europe of some remark- 
able fossil footmarks on the grei bigarre (new red saudstone) at Hessbarg, 
Diar ^dberghaosen in Saxony. Accounts of these impressions have beui 
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L by Dre. Hohnbaum and SieHer, Profeaior Kaup, M. Link, and Baron 
boldt. The largest track appears to bare been made by s marsupial 
animal, whose hind foot was 8 incbee long. This animal Prof, Kaup haa 
named ehiroSberitim, from the reeemblaoce of its track to a human baod. 
Soma of tbe tracks appear to have beeo made by torloisea; and M. Link, 
who has mad« out four distinct species from these tracks, auggeetB that eoma 
of them may have been made by gigantic batracbians, (frogs, salamanders, 
ilic.) Btickland^s Bridgeaaier TVealise, vol. 1, p. 283, and vol. 2, p. 86. Wbn- 
dtri of Geology, voL 3. p. 428. Am. Journal of Science, loL xxi., p. 191. 
Fig. 143 shows a few trscke of the diirotherium od o slab of eoudstoDe from 
Heaaberg. (See specimens in the Cabinet et Amkerii College^) 

Fig. 143. 



Rem. Mr, Owen has suggested that tbe tracks referred to the chirotbe- 
rium, were made by a gigantic batrachian, or frog, whose hied feet were 
much larger than bis tore feet. He lias g^ven a sketch of fie animal restored, 
(the bones of the head only hare been discovered.) and of the maimer in 
Trbicb the tracks might liave been produced. Fig. 144 is a copy. 

Fig. 144. 




Lahyrinthodon pachygnathut : Owen. 

Rent. It seems clear to me that an animal like the above sketch could not 
have made such tracks as those which I have seen of tSe chirotherium. For 
the former must have left two rows of tracks ; whereas tbose of the tatter, 
in all specimeDB or drawings which 1 have seen, are in one row. Such tracks 
are mode by rather long-I^ged quadrupeds, like the cat or dog. but never, I 
apprehend, by any living tiitraonian. Hence 1 have been indined to refar 
the chirotherium to a marsupial animaL But I cannot here enter into de- 

Deicr. 4. In 1836, a few v^rv distinct tracks resembling those of birds, 
were discovered in the red sandstone of the Connecticut vaUey. at Montague 
in Massachusetts. Subsec[uent examination discovered similar impreHioni 
at several quarries in the same valley and Stat« ; and an account of seven spe- 
cies was given in the American Journal of Soienoe for January. 1836, under 
tbe name of Omitkichnitei, or stony bird tracks. Some of them are very 
■mall, the ta«a not being more than half an inch long ; and the length of tb* 
M^ not more tbui t or 4 ia«hef : wbil* ethsr* ar* of enormooi um; t]if 
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foot being 17 inoliaa long, inoluiling a claw of 2 ioohea ; and the length of (be 
Btep from i to 6 feet. In another species, if we iiioltide a singular impression 
behind the toes, tliat appears to have been made bj a large b«el, the whole 
length of the track is 2 feet, and of the Btep, 6 feet. 

Jicier. Since 1636 great pn^teea haa been made in the tnowledge of foB- 
ill footmarke. In 1 888 and 1840, tracks of chirotherin, tortoiaes, and saurian 
reptJlea, to the amount of 6 or 7 spedes, were found in the new red sandstone 
near Liverpool; aleo in thnt city, and near IWpoly. In 1839, Dr. 0. Ward 
dssaribed tracks from QiliiahillHiU, Shropshire, wbioh had three toes, with 
claws, directed turward, and one behind-, ■which Prof. Owen supposes were 
maile by a singular reptile called the Rhjocho.Htturus, whose bones were found 
in the same quarries. !□ IS12, Mr, Hawkshaw found tracks of cbirutheria 
and cruataceHUS. witii others resembling those of birda, at Lyme, in Oiieshire. 
Jieporls of Sril. AisfK. (oi- 1840, p, 99; for 183M, p. 75 ; and for 1842. p. 67, 
In 1839 Dr.Cottadeabribedaometraeha in new red sandstone in Saxony, that 
are two tuedi or rather like a horse shoe: and M. Feldman hns described 
others near Jena, that are tridigitate, or three toed, and disposed parallel to 
one another. Geologist for Jan. 1845. p. 13. Jn 1841 Dr. Buckland de- 
scribed the tracks of deer and large oxen upon mud, J^eneath a bed of peat, 
mi I'embrokeahiro, ■which must have been made centuries ago, and which show 
how tracks may be preset-red on mud unconsolidated for a period indefinitely 
long. Buckliind'i An. Add. be/ere Zand. Geol. Boe. ] 840, p. 44. The same 
gentleman, in 1843, gave an aeoount of certain "IcklhyopoiMiles, or petrified 
trackways of ambulatory fishes upon sandstone of the coal formation" m Flint- 
shire, England. PI'il. Mag. Marr-K 1844, p. 230. About the same period, 
Hr. Logan and Mr. Daivson found tracka, some with three and some with five 
tues, analogous to tliose of birds and reptiles, in the lojver carbouiferoua series 
in Nova Soutia. LyelVi IVateU in N. America, vol. 2, p. 178. At a session 
of the Geological Society of France, Nov. 1843, M. Degenharett announced 
the existence of impressions of the feet of great birds, in a red sandstone 6,000 
feet abore the ocean, in a hill c^Ied Cucliilla de las pesunuas del vcnado. 
(literally, rAe hUl ofdeei'i traeki;} in Colombia, S. America. Ballelin of the 
Siicieltf, It. 13. In 1840 Mr. Cuimingham detected the tracks of what he con- 
siders small Grallie. in the Storet^o quairies, near Liverpool. Jour. Geol, 
Soc. vol. 2, p. 410. Ju 1844 Dr. Alfred T. King diecoveied in the lower part 
of the cai-boniferous series of western Pennsjlvania, 800 feet below the top 
of the coal formation, the tracks, probably, of a large Batraohian. Amer. 
Jour, of Sci, Apei\, 1846, p. 348. Ste spMimen in Amherat College. In 
1849, Mr. Isaac Lea discovered foot-prinfc. probably of a saurian or batra- 
chian reptile (Sanropue primavus), in what he regards as the upper part 
of the Old Red Sandstone. SVanaac. Amer. Philosovh. Sodety, vol. s. 
Tracks of a Chelonian were discovered in 1850, iu the old red sandstone of 
Scotland LydVs Elements of Geol, p. 9. 

BtMT. In vol. a of his Report ou the Paleontology of New York, (1862,) 
Prof Hall has described, with rtra^wings, ti'ails, and tracks of Crustacea, Gas- 
teropoda, Aofleiida, and Fishes, en the Oliuton Group (Upper Silurian) of 
New York. In the Quarterly Journal of the Geological Society for August, 
1852, W. E. Logan and Prof, Owen have given an aoeonnt of the tracks of 
Orustaceans on the Potsdam Sandatom of Canada, t)ie lowest of the fossilif- 
erous rocks, with numerous plates. They have applied the name Prototich- 
nitca to these impressioua, of which they have described at least seven spe- 

Descr. Siaoe tie autlior of this ■work first published am 
account of the Omithichnites in 1836, i 
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have been discovered in relation to tte footmarkB along Conneo- 
ticut river. He is now acquainted with more than 50 species 
which he suppoaea were made by as many species of animals. 
In his Report on the Geology of Massachusetts, in 1841, he 
figured and described 27 species, which he divided into Oinithoi- 
dichnites, or tracks resembling those of birds; and Sauroi- 
dicknites, or tracks resembling those of Sanrians. Nine species 
more have since been described in the Transactions of the 
Association of American Geologists, and in the American Jour- 
nal of Science. Several species have more recently been dis- 
covered; and, on a careful revision of the whole subject, 
established. la 1849 I gave a detailed description of all these 
tracks, or rather of the animals that made them, with outline 
sketches of their feet, in the Transactions of the American 
Academy of Arts and Sciences. Since that time I have discov- 
ered several small new species of an anomalous character. 

Descr. Regarding tho names Opnithichnites, OroitlioidichQite, &c., as pro- 
Tieional merely, I now propose Dimes for the animals that made the tracks, 
instead of the traeks. For BiDce we are certain of their existence, and that 
they hufe never been described, why should they not be named like other 
extinct animals ? This has been done in Europe in respect to the Ghirothe 
riam, by Pro! Kaup ; and in respect to the Teatiido Duneani, by Prof. Owen ; 
who had no other evidence of the existence of such animals except their 
tracks, 

Descr, I have divided these animals into as many groups, or families, as 
seemed to be indicated by their tracks ; and have sometimes added the known 
living families to which they probably belong ; not, however, with any great 
confideufle. 

Fifty-two species of animals appear to be thus defined and estab- 
lished. Of these, 13 were certamly quadrupeds, 8 thick-toed tri. 
dactylous birds, 15 probably narrow-toed birds, 2 perhaps bipedal 
batrachians, 9 either birds, lizards, or batrachians, 2 molluscs, or 
annelids, and 3 of a doubtful character. Of the quadrupeds, 6 
were probably batrachians, or perhaps marsupials ; 5 lizards, and 
2 chelonians. Fifty of these species occur in the valley of the 
Connecticut, and 2 in Pennsylvania. 

Rem. What an astonishing menagerie of sandstone clays is thus raised as it 
were from the sleep of ages 1 With a few eiriinent esceptions, (Silliman, 
Buckland, (Sic.) what I first published on Hoia subject was received with almost 
universal scepticism among scientliic men. But after a seven years' struggle, 
T believe doubts with tluit class are now neatly all gone, and these strange, 
""'' le of them moat gigantic beings, are admitted upon the register of by- 
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Groqf, (Wing-footed) 2 Aelhiepui, {aSvia and iriif) 1 Lyelliiniu, % n 
Kg. Ufi. 
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11 Moodii. 

QrO0f 8. B St^optxoian, (freoDinjf and fuoj') I ii 
Ffe. 148, 
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E elegaatior ; 6 Argmoum, (apyiic and fuoi') 1 Redfieldiauum, S robustnm, 8 
dispai-i-digitaturo. 4 pari-digitatum, 5 mmimum ; 1 Platypttrna, {ii7.aTii( and 
iznpva) 1 DeamanuB, 2 tenuia; 8 delieatuiua 




Omithoptu graeilioT. 



Qkodp 6. 9 Folemarehta, (paXe/iapx"!} 1 gigas, Fig. 160, 10 Pleelrofna, 

iir^KT^iin' and ircf] 1 miaitBDi, S loDg:ipeB, 8 teuui-digitabui; 11 THatnopui, 
Tpuuva and ^nc) 1 BiulsjuiuB, 3 EmmonBianaB. 



Poiemardau gigt* 
Obodv 6. 12 l^poput, (mtac mid irvc) 1 BbnoRoii. Fig. 1(1. 
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Typnpus abnormis. 

Geoup 7 (Quatli II pedal.) (Laeertiliai or Cteloaiar) IB Anomi^ite, (ava- 
uoiof and 7rB£) 1 Saambus, Pig 163,2 Barrattii; li Barpedaelyliia, (apmi and 
JoKTuAoc) I tenuissimua, 2 Bonoameratufl, Fig, 153. 

Fjg 1B2 




AnonuepKi acamhui. Harpedacii/ltia 

Gbouf 8, (Cheloiiia!) 15 Anct/ropus, ( ayavpa aad jtbe) 1 beteroclituB ; 16 
Hiiloira, {sTiKu and apa) 1 litoralb. 

GtoDP 9. {Mftraupialia I) 17 Anisopue, (avioof and Trsf) 1 Daweyanue, 3 
gradlis; 18 MacTopterna, (/Joifpof nnd irTt/rea) 1 Rhynohoaaocradeua, 2 divB- 
rif^ds. Fig. 164. 
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Gbodp II. (Aiinelata, (heert, Annelida,) 21 Herpystezoum, {epTrvTrrK aud 

GttOEr 12, (Obsovire) 22 Harpagopwt, {apjrayji and irsf) 1 giganteuB, 2 Hud- 
a>n[us, 8 dubius, 

Sescr. The following sketch. Pig. 1B5, will give a very good idea of a 
few varieties of tracks iti tlie Connecticut vallej, and the manner in 
which they occur together. It is copied from a slab in the cabinet of Am- 
herst College, obtained at Turner's Palla. It exhibits four rowa of a biped, 
OF bird ; one roiv of a quadruped, whose hind foot was the largest, and two 
rows of what is supposed to be the track and the trail of a tortoise. The 
"whole slab ie covered also with rain drops, which fell after the tortoise had 
passed over the mud, but before the passage of the other animals. It will 
be seen that the joints of the toes are diBtinolly manifest in the bird tracks. 




Footmarks in Sill, Mai 



Deier. The figure following, Fig. ]5a, shows another slab from the same 
locality, obtained by the late Dexter Marsh, of Qreenfield. This exhibits 
ieven rows of the bird tracks, two of unequal-footed quadrupeds, aad two of 
a tortnae. This slab is about seven feet by four and a halC 
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Deter. The next figure, Fig. 167, will convey anidea of the footmartgErand 
in the coal forniBtioii of Western PauuaylvaDia, os figured by Dr, A, T.King. 
They were made probably by a Batraohian. or a Cheloniao, whose feet were 
semipalmate. 

Inf. Theae footmarka were probably made in moat cases along the ahoraa 
of an estuary, either beneath the water, or between high and low tide mark. 
That many of them were impressed on dry land, ia obvioua from the numer- 
oua impreasiona of rmn drops (to be described below) found on the same suv 
fane. In such cases tbe returning tide or river floods, brought in ailt and 
Band enough to preserve the impressions ; and there they might have' been 
kept tbouranda of agea, uoinjured, before the mud waa hardened into atone. 
For the arguments to show that some of these tracka were made by bhda, 
and other* by quadrupeds, I must refer to my Report on the Geology of 



^db, Google 



J FOOTMAaKB. 




Footmarkt in Pennsi/hania. 

MauachutetU, yolyS, p. 606. 2Vatii. Amer. GeoL Atsoe., p 264. and Amtr. 
Jour. Set., eommencinj with Jan. 1886. Also, JVam, Atiur. Academy of 
Attt and Sdenctt, 18*8. 

Rem. ]. 1( will be B«en that I do not adrluce aa ao esanple of fossil foat- 
marka, the itnpresskiDa of the human foot, which were foimd on limestone on 
the biuiks of t^e river Misaiaaippi, io front of the city of St. Louis, in Mis- 
souri, and which have been desei'ibed by Mr. Sobooleraft in the 5th volume 
of the American Journal of S<aence. I omit them hecauae I do not thinli 
there ia Buffieient evidence that they are natural impreasions. They occur in 
a blue limestone, contaiQiiig an abundance of enorinites and other analogoua 
remains, and wliich is probably the carbooiferoua limestone of Snrope. 
FeatberttonhatigKt Report, I83B. p. 28, 4e. 

Rem. 2, Ifaoy are in doubt whuther these footmarta are the work of art, 
let him consult a paper by D. D. Owen on the subject iu the Am. Jour. Sci, 
vol. 43, p. 14; and he will be aatiafied that they were eicavated by man, to 
indicate the low water mark of the Mississippi. 

Deter, It seems that the aborigines of thia country were in the habit of 
outtbg figures on soft rock, representing the feet of birds and quadrnpeda. 
These, al^ long exposure, sometimes appear so natural that they have been 
mistakeD for real tracks, especially in Pennsylvania. But the tact that on 
the same rock are sometimes seen representations of arrows, human bodies, 
&c, having the same appearance as the tracks, (and 1 am assured by gentle- 
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Im^essions of Rain Drops. 

Descr. In the same formation of red sandstone that contains the 
footmarlts in England, are found most distinct impressions of what 
appear to have been drops of tain. In the Storeton quarry, where 
are found the traclts of the ehirotherium, " the under surface of 
two strata at the depth of 32 or 35 feet from the top of the quarry, 
presents a remarltably blistered or watery appearance, being 
densely covered by minute hemispheres of the same substance as 
the sandstone. These projections arecastsinrelief of indentations 
in the upper surface of a thin subjacent bed of clay, and due in 
Mr. Cunningham's opinion to drops of rain." Land, and Edin. 
Philas. Mag. 1839. Sometimes these impressions are perfect 
hemispheres ; in other cases they are irregular and are elongated 
in a particular direction, as if the drops struok the surface ob- 
liquely ; appearing in fact as if a wind had accompanied the rain. 

Fig. 158 will convey some idea of these impressions. 






lesoriptiou { 



actly ire very i n 1 ro c 1 ^ 
in Conne t cut b 3p ugue inampton, ;3outli Hadley, 

and Tu ner s Fills Maasacl isett They are abundant, also, 
in New Jersey and Mr Lyell des r bes them on the hardened red 
mud of Nova S ot i T avels ISmth America^ vol. 2, p. 140. 
Furthermore, I have produced precisely the same indentations 
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upon clay mwie plsBtio by sprinkling water upon it, and the same 

impresaionB may be seen at almost every brick kiln. 

Descr. During the Bummer of 1852, which was warm and dry, 
all the phenomena of tracks and rain drops were reproduced as it 
were before our ejea, on the layers of fine clay in the banks of 
Connecticut river, in Hadloy, Massachusetts. It was a beautiful 
illustration of the whole subject ; and if any one could doubt that 
the markings on red sandstone were tracks and rain drops, they 
could not hesitate to admit the origin of those on clay, preserved 
in the Cabinet of Amherst College. Oa these we have the inter- 
esting addition of the human track, which shows the delicate 
Btrise of the skin, as the bird tracks by its side e;ahibit the papillsB 
of a bird's foot. 

Bsm. It IB a moat interesting thought, that wliUe millionB of men, who 
have atriyen liard to traoBmit some trace of their eiiateooe to future genera- 
tions, have aunt into utter oblivion, the simple fbotstepB of animals, that ex- 
isted tboammds, nay, tens of IhauBauds of years ago, Bhould remain as fresh 
aad dietinet as if yesterday impreeaed : even though nearly eyerj other ves- 
tige of thsir aristcnee lias vanished : Nay, still more strange is it, that oven 
the pattering of a Ehowcr at that dietajit period, should have left martei 
equally dlBtiuot, and registered with infallible oertainty the direotion of the 

Rem. I have passed over neveral important infereiioes derived ehlefly from 
palieontology, because they were not deducible from any one statement that 
has been made, anil I thought it best to present Ui^u in the conolusion of this 
BeetioD with a soounary <d the prooC 

Inf. 1. The present continents of the globe, (except perhaps 
some high mountains,) have for a long period oonstituted the bot- 
tom of the ocean, and have been subsequently elevated. 

Proof. 1. Two-thirds at least of these continents are covered 
with rocks, often several thousands feet thick, abounding in marine 
organic remains ; which must have been quietly deposited, along 
with the Band, mud, and calcareons or ferruginous matter, in which 
they are enveloped, and which could have accumulated but slowly. 
2. The secondary and hjpozoic stratified rocks are almost univer- 
sally fractured and raised up at various angles, just as they would 
have been if lifted from the bottom of the ocean by a force acting 
beneath them. 3 Anticlinal ridges are so frequently found with 
anuclens of unatratified rodcs, as to point us to a sufficient cause, 
viz. volcanic agency, for the elevations that appear to have taken 
place. 



Inf. 2, Different continents, and different parts of the 
continent, appear to have been elevated at different epot^. 
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Proof. Let A, B, Pig. 159 represent a mountain ridge, witii aa 
asis a of anstratified rock. Let the three systems of strata, ib, ce, 
and dd, rest upon the axis a, and upon one another, nucomfornw- 
bly, and dip at different angles, except dd, which suppose horizon- 
tal. Now it is obvious that the formations cc, and o&, Diuat have 
heen elevated previous to the deposition of dd ; otherwise the 
latter would have partaken of the upward movemeiit. And if 
there be no regular member of the series of rocks wanting, between 
d. and c, it -is obvious that we thus ascertain the geological though 
not the chronological epoch, when cc was elevated, tx, however, 
is unconformable U> bb; and therefore bb was partially elevated 
before the deposition of cc ; in other words, bb i^s esperienced ab 
least two vertical movements. Now this is a just representation 
of the aetual state of things in the earth's crust ; and henoe by as- 
certaining the dip of the formations that are in joztapoaition, we 
aseertwn the different epochs of elevation. 




Facts. 'Sj the M)plication of these principles, it is fooiid that 
the mountains of Europe have been elevated at no less than 24 
different epochs ; the oldest of which dates as far back as the time 
when the slates of Westmoreland were tilted up ; and the most re- 
cent, (Etna and Vesuvius,) is said to be subsequent to the deposi- 
tion of the tertiary strata. 

Descr. In his Report on the Geology of Massachusetts, the 
author of this work suggested the existence of sis ayatenjs of 
mountains, or strata in that State, which he endeavored to extend 
into other parts of the country. The first was called the Oldest 
Mmdianal System, running nearly north and south, and embrac- 
ing the central part of New England, including the White Monn- 
tam. The second was the Nortk-east and South-west System, 
corresponding to at least a portion of the Apallachion chain. The 
third was the East and West System, developed chiefly in the 
eastern part of Nev^England. The fourth was the Hoosac Moun- 
tain System, developed more fully along the western aide of th« 
A/ptiiuiiuaM ehain. The fifth was the New Bid aoM^Kom^Sys- 
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tern, embraoiag'the Trap Banges ; aud the eUth vas tfu North- 
west and South-east Si/sle>n, exhibited on a Btnall scale in Rhode 
Jsland and the adjoinin^arts of Massachusetts. 

Descr. The distiaguished and veteran French geologist, M. Elie 
de Beaumont, may be regarded as the father of this department 
of geology; although Von. Buoh and other geologists had made a 
partial application of the same principle at a previous period. 
But in his Recherches stir quelgues-unes Hes Revolutions /ie la. 
Surface'du Globe, in 1830, his Note sur les Systemes de Montag- 
nes lesplus anciens de I'Europe, in 1847, and especially in his 
great work, Notice mr les Systems de Montagnes, in three vol- 
umes, (pp. 1543,] in 1852, he haa brought together a vastnesB of 
facts and reasonings on this subject of deep interest. In these 
works he endeavors to show, that mountain chains have been 
ridged up by the plication of the earth's crust in a manner here- 
after to be explained, in the direction of great circles on the sur- 
face. He considers those chains parallel, which lie upon different 
great circles, although those circles cut one another in two opposite 
points. Hence, if we prolong the course of a system of moun- 
tains, or of strata, so as to form a great circle on the globe, we 
shall discover what other mountains were of aedrly contemporaneous 
elevation. How far on different sides of such a circle we may re- 
gard the parallel chains as contemporaneous, is not definitely 
settled. But it is clear that some latitude is allowable in this 
respect. 

Descr. Another fact here comes in to modify inferences from the 
preceding statements. It is found that along, or near, the same 
line of dislocation and elevation, mountains have been raised up at 
different epochs. 

Inf. Hence coincidence or parallelism of direction does not 
prove systems of strata to be contemporaneous. But we must rely 
on the age of the formations disturbed, to prove the epoch of eleva- 

Descr. Another interesting fact I will give in the words of M. 
Pissis, as quoted by Beaumont, " The directions of the chains 
of mountains correspond to the lines wliieh form the limits of con- 
tinents, the great depressions occupied by interior seas, or the prin- 
cipal valleys. These directions may be referred to five systems of 
frwitiire, contained in zones embraced 'between two planes parallel 
to a great circle, whose position remains the same for each system ; 
and the five oitcles form four groups, or centres of intersection, 
from whence lines start, which give at once the direction of the 
sides and mountain chains of the neighboring oountries." Along 
these five great circles, it seems there has beei^eometimes a reeur- 
rence of fracture and elevation. 

JkxT. Beaumont thinks he can identify in North AmeriiM, at 
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least four of the systems of mountains which he has desoribed in 
Europe, by a prolongation hither of the great circles with which 
they coincide in Europe. One ia the System of MorWian, which 
is very ancient, and which shows itself in Labrador and Canada, 
and passes north-west of Lake Superior to the Lake of the Woods. 
The second is the System of Bcdlons, which embraces a large 
part of the coal fields of New England, Pennsylvania, Virginia, and 
Tennessee, corresponding to my N.-E. and S.-W. System.. The 
third is the Sijstem cfthe Thwringerieald, which he finds in the 
copper region of Lake Superior, &c. The fonrth system is that 
of the Pyrennees, which was plicated between the cretaceous and 
the tertiary periods. 

Descr. Beaumont regards the Oldest Meridional System de- 
scribed by myself, as not corresponding to any European System, 
and as probably ridged up as early as the period of the Cambrian 
rocks of Great Britain. He supposes that its prolongation strikes 
Cape Hatteras, the western part of Cuba, then Panama, and runs 
parallel to the principal chains of New Grrenada. To the north 
it traverses Canada, Greenland, and Labrador, and thence per- 
haps the central parts of the Altai mountains in Asia. In that 
chain, however, more recent plications have taken place along the 
same line, as indeed they have in New England. 

Descr. According to this writer, the axis of this oldest meri- 
dional system, as thus traced out, is the centre of one of the most 
remarkable mineral ogical and metalliferous zones on the globe. 
He instances the minerals of New England, Labrador, asd Green- 
land; the gold deposits of the United States, and the deposits of 
gold, platinum, and copper, of Cuba and Hajti ; and finally, the 
platiniferous and auriferous deposits of western New Grenada ; and 
the auriferous and argentiferous regions of the Altai. He regards 
it as similar to the Uralian Chain. 

Descr. It is supposed by Beaumont that mountain chains have 
been to a great extent suddenly elevated by paroxysmal move- 
ments, not by slow upheaval, and that such sudden, emergence of 
large areas lias produced those destructions of life on the globe, 
which seem for the most part to have been sudden and general. 

O^ections. Sir Charles Ljell has argued strenuously against 
these views of the distinguished French savant, {Prindples of 
Geohgy, p. 160, London, 1850.) It is impossible to enter upon 
the argument fully here. That the principle may have been 
pushed too far at first by Beaumont, may be admitted, and that 
there is great room for the play of fancy in tracing out contem- 
poraneous mountain chains, especially on distant continents, 
cannot be doubted. But there is too much evidence of uniformity 
and even identity in the manner in which different chains have 
been elevated ; too much proof of occasional paroxysmal vertical 
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movements, and of intervening long perioda of repose, not to ad- 
mit that law has presided over the phenonieDa, Whether Beau- 
mont has succeeded in fully developing those laws, the careful 
observer may doubt. But that he has made great progress ia the 
right direction, can hardly be doubted. 

Inf. 3. The convulsive movements by which systems of strata 
were elevated, appear to have been in most instances short com- 
pared with the intervening periods of repose, during which success- 
ive formations were deposited. 

Proof. 1. The d^osits appear generally not to have been dis- 
turbed by any elevating force while in a state of formation, as this 
would have changed the character of the organic remains; De la 
Becke's Theoretical G«>lo''y Chap I'' and the period of deposi- 
tion, must have been in n t a y protracted, 2. Had the 
elevating force been go n 1 wly 1 iring the deposition, the 
lower beds of the format n ht t h e a greater dip than the 
upper beds ; which is rar ly f u d t b the case. 3. Paroxysmal 
oonvulsiona are sufficient t a nt f the appearances in most 
cases of the elevation of th t 4 In most cases there is no 
evidence of any long int al b tw n the deposition of two rocks 
whose position ia unconformable. 5. Some single local disloca- 
tions are of enormous size, amounting to 3,000 or 4,000 feet ; as in 
the Penine region of the north of England ; and it is difficult to 
conceive how such ^ults could have resulted from a succession of 
minor forces acting through long intervals. 6. The doctrines of 
internal heat, if admitted, furnish a sufficient force to elevate the 
highest mountains by )t single effort. Phillips^ Geology, p. 260. 

Mem. The interval between tlie depoaidon of oonseeutive atrata may aome- 
limeB have been very great, if measured cliroaologieally ; especially where 
one member or mare of the aeries of rooka ia wan(ii^. In euoh cases tbe 
principles above cKplained do not enable us to determine during wbat part 
of this interval tbe elevation of the strata took place. It is chiefly on this 
ground that Mr. Lyell attempts to overthrow the whole of Beaumont's 
reasouioga and coaelusions on this subjecL But it seema to me that he haa 
Bhown only that it ia difficult to fix upon that point in the interval between 
two consecutive rocks, when the convulsive movements took place; and that 
the fundamental principle of Beaumont's theory remains unaffected. And in 
respect to the eiaet geological time when the elevadon occurred, it is, to say 
the least, very probidie that it took place just at the termination of the 
period during which the elevated rook waa in a course of formation ; for such 
a convulsion furniabes, in many instancea at least, the only known reason 
why its deposition was brought to a close. Lyell'a FrindpUs of Geology, vol 
1, p. 304, Other writers have adduced vanoua objections to the views of 
Beanmont; as Dr. Boue, for instanofl; in the Journal de Geoiogie, tome 3, 
p. 338. 

Inf. i. It is maintiuned by B a t that the changes in the zoological 
and botanical characters of Ih f mat n orresptaid in general to the 
epochs of elevation ; that ia, the p od E 1 ation seema to have been the 
^ime for the deatmotioo of ue gr up of ganio races and the tatroduotkio 
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a of rooka below the Permian inclueive. Bui tbis n 
explftined by the fact that all, or nearly all, the animala bBfoi'e that period 
were marine, and ooneequently might very probably survive th« upburit of 
a continent ; eiuce violent agitation of the waters would b« the prJQcipal 
effect 

I»f. 5, In many inatances the roeka appear to have suffered one 
alternation or more of elevation fyid subsidence. 

Proof I. The phenomena of wliat ia called the Dirt Bed, of \ha 
oolite formation in the isle of Portland, in G-. Britain. {See Fig. 
47,) are perhaps the beat example" in proof of this proposition that 
oecurs. In a bed of black mould, lying between the Portland atone 
beneath, and the Purbeck -stone above, (both of them oolitie lime- 
stones,) there exist large prostrate trunks, and erect stumps of oy- 
cadese, or tropical trees, which must have grown on the spot where 
the stumps now stand. The following eoneluaions seem to be 
fairly inferrible from the facta detailed: I. That the limestone 
beneath this dirt bed was deposited at the bottom of the ocean. 
2. That this bottom must have been elevated above the waters 
long enough for the accumulation of the soil and the growth of 
the trees. 3, Tkat the surface waa next submerged beneath the 
waters of a fresh-water lake ; next beneath an estuary ; and nest 
bep.eath a deep sea, long enough for the deposition of strata 2,000 
teet thick. 4. That these strata have been subsequently elevated 
into their present terrestrial state in England. Btickland's Bridge- 
water Treatise, vol 1, p. 495. 

2. The coal formation may be mentioned as another example in 
point. In these t nat n tl is aometimea an alternation of 
marine and fresh-w t m m nd always an alternation of coal 
with shalea and sa d t n H n e, some geologiats are of opinion 
that the land, wh th g t t on grew that formed the coal, 
must have aunk and s n gam very time these alternations oc- 
cur. Others, how upi that the coal plants grew on low 
islands of tropical a h j 1 g and were transported into the 
bottom of the ocean, or of estuaries, when they were covered by 
deposits of sand, clay, and limestone, and again by other beds of 
vegetables, until' a great thickness of these interstratified layers 
had accumulated. Fresh-water and marine relics sometimes alter- 
nate in sucoeaaive strata of the eoa! measures, because in an estu- 
ary the salt water would occasionally prevail over the fresh water 
from the river which emptied into it. See De la Beche's Manual, 
p. 444. Also his Theoretical Geology, p. 264. Macculloch's <Sys- 
tem. of Geology, vol. 2, p. 312. Phillips' Geology p. 1 16. 

3. A third example is the alternating strata of fresh-water and 
marine deposits in the tertiary series. But in thia case, also, it is 
very possible to conceive how these alternations might have beeu 
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effected by the successive predominance of rivers and the sea in an 
estuary as explained above. FhiUips' Otology, p. 164. 

Rem. Examples of mora recent elevation acd aubBidenae will be given la 
Section Vlli. : where will also be found the various theories proposed for the 
explanation of the phenomena of elevation and snbaidenoe. 

Inf. 6. From the phenomena of organic remains, it appears that 
the species of animals and plants now existing on the globe, could 
not, with a few exceptions, have been contemporaries with those 
found in the roeks. 

Proof 1. If they had been contemporaries, no reason can be given 
why the remains of the living species do not occur in the roots; 
which, with the exception of a few hundred species in the more 
recent tertiary strata, is well known to be the case. 2, Compar- 
ative anatomists decide from the structure of tie extinct animals 
and plants, that they were intended for a climate and other phys- 
ical circumstances so different from those now existing, that the 
organic beings adapted to one state, coidd not have endured the 
other. The period of the tertiary strata is the only exception ; 
and even then, the climate appears to have been in high northern 
latitudes nearly as warm as at present between the tropics, until 
near the close of the period. 

Inf. 7. Hence too we learn the mistake of those who are in the 
habit of pronouncing very confidently that certain organic remains 
are petrifactions of existmg animals and plants. For if they are 
obtained from the secondary rocks, the presumption amounts 
almost to certainty, that they cannot be the representatives of ex- 
isting species. 

Exam, Fossil trees are called oak, maple, hemlock, &a., fibrons tremolite 
and some varieties of mica and talcoae slateB. are called peti'ified wood ; en- 
orinites are called snakes: eoai plants are called rattle-aoakes ; favositos and 
certain fossil sbells are called bntternnta and walnuts ; some varietiee of an- 
cient poljparia are regarded as the boras of deer, others as petriSed pork: 
and even petrified equawa, pappooses, and buflkloea, bave beeo announoed as 
existing in the fer west. It is often amusing to aee with how mnch confi- 
deuce a man ignorant of zoology and botany will pronoiiaee npon these sup- 
posed cases of ideoticalness. 

Inf. 8. It appears that there have been upon the globe several 
distinct periods of organized existence, in which particulaj groups 
of animals and plants, exactly adapted to the varying physical con- 
dition of the globe, have been created and have successively passed 

Proof. If we take only those larger groups of animals and 
plants, whose almost entire distinctness from one another has been 
established beyond all doubt, we shall still find at least five nearly 
complete organic revolutions on the globe: viz. 1. The existing 
Bpeoies. 2. Those in the tertiary strata. 3. Those in the oreto- 
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ceous and oolitic systems. 4. Those in tlie upper new red sand- 
stoDe group. 5, Those below the new red sandstone. Compara- 
tive anatomy teaches us that the animals and plants in these dif- 
ferent groups could not have lived in the same physical circum- 
stances. 

Rem, 1. The palseontologipal chart, a^ well as the palffiontological olasaifi- 
oation described at the end of SeeL Ist, exhibifB seven distiuat groups. But 
some of these are uot entirely independent of one another; that is, some spe- 
cies are common to two groups. Thifl fact, however, does npt militate ag^nst 
the general principle of the above inference ; since a few species may have 
survived the causes by which partioolar groups were destroyed. Bay, if 
with some geologists we admit that the destruction of old, and introductioa 
of new Bpeiaea was gradual, the proposition would still rt-main true. If 
only the greater part of the species nave been changed several times, it estab- 
lishes the inference. And these have been essentially changed, certainly as 
many as six times, as shown. on the pal»ontologioal chart; and therefore I 
preler to speak of seven distinct periods of organic life on the globe, rather 
than five. But from the next remark, it appears that five entirely diitinct 
periods can be made out. 

Rem. a. It appears from the following ouotaaon by Dr. Smith, (ScHpture 
and Geology, p. 614, second Ed.) that Deshayes, an eminent palieontolo^t, 
is able to make out five distinct periods of organized existence, besides that 
now passing, on the globe. " M. Deshayes has lately anaouueed that he had 
discovered, in surveying the entire series of fossil animal remaina,^vi great 
graupi, eo eompletely independent, that no tpeeies ahatevfr ia fmrnd in more 
than one of tnem. The first of those groups is that to which trilobites give 
the character ; the three sucQcedin^ belong to the system of the large sauriaos, 
and the fifth includes the systems in whi^ I have pointed out the palteothe- 
ria, the mastodons, aud the elephants." D'Omali-ae D'Salloi/, Etem. de Qeol. 
p. 187 ; Paria, 18S9. 

Obj. Perhapa the deposits containing these different organic groups, may 
have been going on at the same time in difierent countries, or in different 
parts of the same country. 

Anmaer. Although all the rooks composing these different systems are not 
found piled upon one another in any one place, they are all found so con- 
Deoted at different points, as to prove that they were formed successively. 
Tet where any are wanting in the aeries, as the Wealden, for instance, m 
Uorth America, the interval during wMoh these were forming in particular 
localities, may have been occupied l^ a prolonged deposition of the neit older, 
or by an earlier oommeooement of the next newer rook. Most probably, 
however, the same formation was begun and completed in different places 
about the same period : otherwise the climate would have varied so much as 
to produce a marked change in the organic remains. 

Ran, The Palicontologieal Chart appended will (ud in impressing upon 
the mind the origin, expansion, and termination of the organic beings that 
have lived on the globe. In order to make it more impressive, it ought to be 



Inf. 9. It appears that amidst all the diversities of organic life 
that have existed on the globe, the same general system has always 
prevailed. 

Illus. 1, All the leading forms of organization that now exist 
ou the globe, have existed from tJie begmniug : for instance, all 
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tlia fonr great classes of animals, the Vertebral, Moilusoous, Ar- 
ticulated, find Kadiatved, and the two great classes of plants, the 
Vasoulares and the Cellularea. The relative nnmber of species, 
however, in these different classes, has varied very macli at differ- 
ent periods. 2. Canjivorous races have always existed to keep 
down the eseeasive multiplication of the herbivorous races. Thus, 
whea the sauroid fishes of the earliest rooks disappeared, their 
place was supplied in the more recent secondary strata, by the vo- 
racious marine saurians; and when these became extinct, sharks 
and other predaceous fishes, more like those now existing, made 
their appearance. So among the molluscs. During the deposition 
of all the secondary rocks, carnivorous cephalopods abounded; 
each as the nautilus, ammonite, &o. ; but in the tertiary strata, 
and in our present seas, these are rare, and their place is taken by 
carnivorous trachelipods, which were not common at an earlier 
date, Buckland's Bridgewater Treatise, \<A. l,p. 298. 3. From 
the eyes of trilobitea and the orbits of other animals found in the 
rocks, we learn that the same relations of animals to light always 
existed as at present. 

Rem. No vertebral aoinialB have been found in the lower Silurian group. 
Hence a late anonymous writer very etrenuously raaiataiiiB the doctrine of 
the creation aud gradual development of animnk by law, without any special 
ereating agency on tbe part of the Deity. VeaHget of the Natural History 
of IhaOreation, and a Sequel to the Bamf : New York, 1844 and 1848. But 
wa facts in the case shoiv us merely tbat the difTerent animals Bad plants 
were introduced ut the periods best adapted to tbeir existence, and not that 
they were gradually developed from monads. In the whole records uf geol- 
ogy, there is not a emgle fact to make such a niietamorphosia probable ; but, 
on the other hand, a multitude of facU to show that the Deity introduced the 
different races just at the right time. That he did this aceordiog to certain 
laws, though nut by tbeir inherent force, — for laws have no such force. — may 
be admitted ', aa may be done in respect to all hie operaUoua ; but this does 
not prove them any the less special or miraculous. To find uB we do, verte- 
bral -animals as low down as the upper Silurian atrata, is nearly equivalent 
to finding them at the very bottom ot the series ; since the upper ajid lower 
Siluiian periods appear to have been but parts of one period. It is also true, 
that almout every year brings to light some fact proving the earlier existence 
of the vertebral animals. 'I'he foHsil footmarks found in Nova Scotia and 
Pennsylvania, for instance, in the lower part of the carboniferous rocks, dem- 
onstrate the existence of. reptiles at that early period In short, we may 
consider it as proved tbat all the great classes of animals and plants have 
been represented on the globe so near the comcnenoBmeritof oi^nio life, that 
no geologist will doubt that it was so from the very beginning. Certaioly no 
geologist will imagine that his science furnishes any evidence of the develop- 
ment theory. 

Inf. 10. It does not appear that any of the anoient forma of 
animal or vegetable life ean be properly regarded as monstrous ; or, 
when compared with the proper standard, even heteroclitic 

Proof. When compared with esiating races, they sometimes 
seem monsters in size, and anomalies in oharaoter. But their 
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great size resulted from a climate better adapted than that now 
opon the globe, for the development of organic life ; and their 
peculiaroonBtructiori adapted them most admirably for the pecu- 
liar situation which they occupied. So that what seems hetero- 
clitic at this day, was exact and harmonious adaptation then. 

Ivf. II. The whole period occupied in the deposition of the 
fossiliferouB rocks must have been immensely long. 

P'foof. 1. There must have been time enough for water to make 
depositions more than 10 miles in thickness, by materials worn 
from previous rocks, and more or less comminuted. 2. Time 
enough, also, to allow of hundreds of changes in the materials de- 
posited : such changes as now require a long period for the produc- 
tion of one of them. 3. Time enough to allow of the growth and 
dissolution of animals and plants, often of microscopic littleness, 
sufficient to constitute almost entire mountains by their remains. 
4. Time enough to produce by an extremely slow change of. cli- 
mate, the destruction of several nearly entire groups of organic 
beings. For although sudden catastrophes may have sometimes 
been the immediate cause of their extinction, there is reason to 
believe that those catastrophes did not usually happen, till such a 
change bad taken place in the physical condition of the globe, as 
to render it no longer a comfortable habitation for beings of their 
orgsniBatiou. 5. Time enough for erosions to have taken pi jie 
in. the rooks, in an extremely slow manner, by aqueous and atmos- 
pheric agencies, on so vast 8 scale that the deep cut through wh.eh 
Niagara Kiver runs, between Niagara Falls and Lake Ontario, ia 
but a moderate example of them. We must judge of the time 
requisite for these deposits by similar operations now in progress ; 
and these are in general extremely slow. The lakes of Sootli.nd, 
for instance, do not shoal at the rate of more than 6 inches .n a 
century. MaccuUoch's Gtohgy, ¥ol. 1, p. 507. See also a full 
view of the arguments on this subject in Dr. J. Fye Smith's Lec- 
tures on Scripture and Geology, p. 394, Second London Edition, 
1840. Also in my Religion of Geology, p. 56. 

Obj. 1. The rapid manner in which eome depoeita are formed at the present 
day ; es. gr. in the lake of Geneva ; where, withia the l»9t 800 years, the 
Ebone has formed a dell^ two miles lon|; aud 6D0 ieet in thickiiesa. LysWa 
Prill. OeoL, Tol. 1, p. 423. 

A«4. Such elampleB are merely exceptions to the general law, that cirere, 
lakes, and the ocean, are filling up wiLh extreme slowDtss. H«noe such caaes 
show only that in accieot times, rocks might have been deposited over limited 
areas, in a rapid mimner ; but thej do not show that such was generally the 

0^'- 2. Large trunks of trees, from 30 to 60 feet long, have aometimes 
been found in the rocks, peaetrfltiugthe strata perpendicularly, or obliquely ; 
and staoding apparently where they originally grew. Now we know taat 
wood cannot resist decompoaitim for a great leagth of time, and theretbre, 
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the strata around these trunks must have accumulated veiy rapidly ; aod 
hence tlie strata generally may have been rapidly formed. 

Ane, Admitting that the strata encloeidg these trunks crere rapidly de 
posited, it might have been only such a case as is described in the first ubjec- 
tioD. Sut sometimes these truoka may have been drifted into a lake or 
pood, where a deep deposit of mud had been slowly accumulating, which re- 
mained so soft, that the heaviest part of the trunks, that is, their lower ex- 
tremity, sunk to'the bottom i>y their gravity, and tbua brought the trunkti 
into an erect posiliou. Or suppose a forest of trees sunk by some couvulsioo, 
ia the manner described by Ilev. Mr. Parker in the Columbia River : (Sea 
Section, VIIL Exploring Tour beyond the Rocky Motintaitia, p. 132, jirst 
JBd.,) how ramdly might deposits ba accumulated around them, weru the 
rirer a turbulent one, proceeding from a mountainous region. 

Obj. S. The vast accumulations that have been made of the ahielda of ani- 
maleula since the commeacement of the hiakiric period, show that similar dc' 
posits of other animal remains might have been made of much greater thick- 
ness in andent tiroes, in a comparatively short period. 

Ans. If it caa he ^owd that the larger animals, found fossil, have a power 
of increase that will compare at a!! with the ast<inishing multiplication of 
animaleula. the objection will be valid ; but not till then ; and this can never 
be shown. 

Oij. 4. All the causes producing rooks tiiay have operated in ancient times 
with vastly more intensity than at present. 

A.na. This, if admitted, might explain the mere accumulation of materials 
to form rocks. But it would not account for the vast number of changes 
which took place in their mineral and organic characters ; which could have 
taken place, without a miracle, only during vast periods of time. 

Obj. 6. The fossiliferoua rocks might have been created, just as we now 
find them, by the fiat of the Almighty, in a moment of lime. 

.4ns. file possibility of such an evmit is admitted i but the probability ia 
denied. If we admit that organic remains, from the unchanged elephants and 
thinoeeroa of Siberia, to the perfectly polrLfied trilobites and terebratulsa of 
the transition strata, were never living oniinals, we give up thewhole ground- 
work of analogical reasoning ; and the whole of physical science falls to the 
ground. But it ia useless formally to reply to an objection which would 
never be advanced by any man, who had ever esamiued even a cabinet col- 
lection of organic remains. 

Inf. 12. There is reason to suppose that immense numbers of 
the softer species of animals, vhich have no solid parts, may have 
lived and died, during the deposition of the older fossiliferous 
rocks, without leaving in the rocks a vestige of their existence. 

Proof. Limestone, (that is, the carbonate of lime,) being then 
less oora.mon than at a later period, it ia probable that animals not 
needing it to form a oovering or a skeleton, would have been 
created; since we find that in all periods living beings had natures 
esactlj adapted to their condition. Again, we find many of the 
older secondary limestones highly bituminous ; and the decomposi- 
tion of soft aod gelatinous animals would have produced a large 
amount of bitumen. De la Beche's Manual, p. 470, 

Inf. 13, The greater part of the accessible ortist of the globe 
may once have constituted portions of the animal frame, 

Proof. In respect to limestone, which has been thought to con- 
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stitute about one-seventli of the earth's crust, the presumption in 
favor of its animal origin, seems quite probable r that is, animals 
have the power of separating lime from its other combinationa and 
converting it into the carbonate. MacadhcK's Syst. Geol., vol. 1, 
p. 219. Li/ell's Prin. G&tl., vol. 3, p. 401, The recent dis- 
coveries of Ehrenber^, respecting fossil animalcula, already de- 
tailed, make it probable that a large amount of silica and oxide 
of iron may have thus originated. At a late meeting of the 
British Association for the Advancement of Science, this naturalist 
exhibited " a large glass full of artificial siliceous earth," which he 
had prepared from existing infusoria ; and he says that " pounds 
and tons of this earth may he easily prepared," Am. Jour. Set., 
vol, 35, p. 372. I am not prepared, however, to go so far on this 
subject, as a recent able and elegant writer, who says, that " proba- 
bly there is not an atom of the solid materials of the globe, which 
has not passed through the comples and wonderful laboratory of 
life." ManteWs Wond. Geol., vol. 2, p. 670. 

Inf. 14. It appears that every successive general change, that 
has taken, place on the earth's surface, has been an improvement 
of its condition. 

Proof. Animals and plants of a higher organization have been 
multiplied with every change, until at last the earth was prepared 
for the existing races ; with man at their head, the moat generally 
perfect of all 



SECTIONS VI. 

i PRODUCINO 



Prin. The basis of nearly all correct reasoning in geology, is the 
analogy between the phenomena of nature in all periods of the 
world's history : in other words, similar effects are supposed to be 
the result of similar causes at all times, 

JUus. and Proof. This principle is founded on a belief in the 
constancy of nature ; or that natural operations are the result of 
only one general system, which is regulated by invariable laws. 
Every other branch of physical science, equally withgeology, de- 
pends upon this principle ; and if it be given np, all reasoaing in 
respect to past natural phenomena, is at end. 

Rem. It does pot foUow from this priodple that the oauaea of geological 
change have always cipersted with equal inteositj', nor with entire uuilorm- 
ity. How great has been the irregularity of their action, ie a subjeet of de- 
bate among geologists. 
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Inf. We see from the preceding principle, how important it Is 
to ascertain the true dynamics of existing causes of geological 
change : that is, the amount of change which they are now produc- 
ing. For until this ia done, we cannot determine whether these 
causes are sufficient to account for all the changes which tlie earth 



Rfm. Heat, cold, and water in it? manifold states, liquid, aolid and vapor- 
ous, flu often act conjointly upon rocks, that their aepaiate agency eauiiot be 
poiatsd out. But the resulta of their cambined action are numeruua. 



Glaciers, Avalanches, 

Descr. Glaciers are masses of ice which are enclosed in Alpine 
valleys, or are suspeaded upoa the flanks of the mountains which 
rise into the regions of eternal frost. Being of a white color, they 
appear at a distance like vast streams of snow issuing from lofty 
summits, and extending into the lower valleys. In the Alps, 
where the large glaciers have receiTed distinct names, as Bosaons, 
Montanvert, Aletsch, Viesoh, &c., they terminate sometimes as 
high as 7,000 or 8,000 feet; but some descend to 3,000 feet. They 
are sometimes three miles wide and fifteen miles long; and their 
thickness at the lower end varies from 80 to 100 feet, and at the 
upper end, from 120 to 180 feet. Eludes sur les Glaciers pat 
Agassiz. Neuchatel, 1840. See, also, Prof. James Fbrbes' 2'ravels 
in the Alps cf Sa/voy. Edinburgh and London, 1843. 

Descr. Glaciers are composed of snow that has been more or 
leas melted and again frozen. The lower part becomes pure solid 
ice; the upper part is composed of a sort of granular snow, called 
in French, neve, and jn German, jS/m. A now layer is added at 
least each year, so that the mass is stratified. The upper surface 
is rough and sometimes covered by pointed masses of ice, called 
Aiguilles or Needles. Fissures across the glacier, 20 or 30, and 
sometimes even 100 feet wide, are very common, produced by the 
unequal temperature of diferent parts of the mass. The elope of 
glaciers ia frequently quite moderate. The lower end of the gla- 
cier of Aar, wnich is 15 miles long, is 3,000 feet below the upper 
end. The slope of that of Aletsch, is 2" 58 : that of the mer de 
glace of Chamouni, is 3" 15. Fig. 162, 

Descr. The crests and higher parts of the Alps, which are fre- 
quently vast plateatix, or table land, containing 100, 200, or even 
300 square mUes, are covered with thick continuous masses of ice, 
through which the lofty peaks sometimes rise as volcanic moun- 
tains from the ocean. These plateaux are denominated M^s de 
Glace, or seaa of ice; and from them the glaciers originate.- 
They eonsist of vast masses of ice, broken usually into huge frag- 
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Blus. To give a more aecurala idea of glaoiera, 1 hare reduced a few of 
the eplendid drawings of the Etude> jar Us Qiaciers. and had them eieeuted 
on wood. They hare been eo well executed 1^ the artist, as to give almost 
as good an idea of the phenomsoa of glaciers, us the originals. I^. 160 is a 
view of the upper-part of the glader of Vieseh, as it proceeds from the dia- 
taot mer de glace, and winds through the ioog valley. 

Descr, When the slope down which the glaoier descends is very 
steep, or it is crowded to the edge of a precipice, huge masses 
sometimes are broken off by gravity, and tumbling down !the moun- 
tain, produce great havoc. In the Alpi these are called 'ava- 
ianches ; and so large are they sometimes, that from one to five 
villages, with thousands of inhabitants, have been destroyed in S 
Hwrnent. 

Dcacr. Landslips are a somewhat similar oecurrenee, happening in coun- 
tries where perpetual frost does not exist. They frequently occur in tba 
spriog, when the frost leaves the soil, and the great waght of anew and ioa 
drags along with it trees, soil, and rocks, down the mountain's eide. Some- 
times these slides take place in tba summer, after powerful rains ; as that id 
the Wbite Mountuns in 1S20. by which a ^oily were de^royed. Uaiks of 
ancient slides are visible on the sides of the ifopper on Saddle Mountaia in 
Massachusetts. 

Descr. In the American Journal of Science fin- Jiilt/, 1862, p. 7S, voL U, 
Second Series, I Lave described an interesting slide on mount Lafayette, N. 
Haropflhire, on a stream, which I have called Moraine Brook, which enhibits 
several features of importance to geolc^ista. It gives to (hose who have 
never seen a glacier, a very correct idea of the lateral and terminal raorainei, 
BO common in the Alps ; and the phenomena throw light on several questions 
relating to the theories of drift agency. 

Descr. When avalanches occur on the steep shores of the ocean 
in high latitudes, the mass of ice, loaded perhaps with detritus, la 
precipitated into the sea and constitutes an iceberg. These ice- 
bergs are drifted often to a great distance by oceanic oi rrents. 
Those from the northern ocean are seen as mr south as 10° N. 
latitude. 

Desar. Icebergs are often of great size and wide surface. They 
rise sometimes from 250 to 300 feet above the water and aa every 



Hcssdb, Google 





-j'f;fii:&|i> '\ ■■^, rn^^ 'f^ 









HO,. db, Google 



205 

cubic foot above the surface implies eight cubic feet below it, they 
must descend over 2,000 feet. They have beea seen one, two, 
five, and even thirteen miles long; and one northern voyager re- 
Jatea that a party travelled northerly upon one of them for days, 
supposing it either fised to the shore or covering the land, and 
knew not their mistake, till an observation for latitude showed 
them that the ice was moving southerly aa fast as they moved 
northerly. 

Descr. These bergs are sometimes loaded with detritus of boul- 
ders, sand, and gravel, Capt. Seoresby conjectures that some which 
he saw contained from 50,000 to 100,000 tons of such materials. 
On a large berg, observed in 1839, in S. lat. 61°, a boulder was 
observed frozen in, 6 feet by 12 in diameter, which had been car- 
ried 1,400 miles, that being the distance to the nearest land, iy 
elPs Frindples of Geology, 8th Edition, p. 229 : London, 1850. 

Descr. As these icebergs are floated away by the witer, they 
often get stranded, and in very deep water, from 1,000 to 2,000 
feet sometimes. The effect upon the loose materials at the bot- 
tom, and even on the projecting rocks of such a mass, with stones 
frozen into its bottom, and moving at the rate of several miles an 
boUr, when it strikes the surface, must be very great, and such as 
we shall find has been the result of some agency in high latitudes 
when we come to describe the phenomena of drift, 

Descr. Ice islands sometimes get stranded upon the top of some 
rock that rises in the oi^an, and then frozen to it, so that when 
by winds and waves the icy cap is loosened, it tears off more or 
less of the rook beneath, and bearing it away in the direction of 
the current, drops the attacked fragments upon the bottom. If 
this operation be often repeated, it might produce a train of boul- 
ders on the bottom of the sea, 

Descr. Wien'the sea is rough, an iceberg may be lifted up by 
the waves, and aa they retire, be allowed to fall ; so that, if the 
water be shallow, it will come down like a mighty maul, and with 
a force which even solid rock could scarcely resist. 

lU^, Fig, 16S shows the lower extremity of the glacier of Aletseh. in the 
Alps, where it enters the lake of Aletsoh. which it fwaiBrly Oiiused to over- 
flow with great devastatioa. UaaseB of ioe are frequentij broken off and 
Boat about in the lake, ai ehowo in the figure. This is one of the largest gk- 
dera ia the Alps. 

Descr. As glaciers advance, they break off masses of rock from 
the sides and bottoms of the valleys, and crowd along whatever is 
movable, so as tc form large accumulations of detritus in front and 
along their sides. When the glacier melts away, these ridges re- 
main, and are called moraines. Agassiz, describes three kinds: 

1. The terminal -moraine, or that at the extremity of the glacier : 

2. Lateral moraines, or Uioae ridges of detritus formed along the 
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flanks of the glacier. 3. Medial moraines, or those loDgitndinal 
trains of blocks which sometimes accuniulat* upon the top of tBe 
glacier, especially where glaciers unite from two valleys, and crowd 
the detritus hetween thera upon their tops. The moraines are 
sometimes 30 or 40 feet high. 

Descr. At the lower extremity of the glacier, there is a vault 
from which issues, especially iu the summer, a stream of water, 
which ramifies upward beneath the ice like rivers in general. 
This stream, oontinuing from generation to generation, wears out 
a channel in the rocks as it descends from the glacier. 

lUia. Fig. 161 shows the lower exlremity of the glacier of Vieech, with a 
tlistinet terminikt moramt;, which, at the Bides, is eoQneeted with lateral mo- 
raines. A Btr^ra of Walter is seen isauiug from the gloder, wbicli haa worn 
a, chaoLiel in the roeks. On Fig; 160 are ahowD both lataral aod medial mo- 
riuuee: the latter oonaiderabiy scattered. 

Descr. The progress of glaciers down their slope, varies with 
their situation and the temperature and hygrometrio state of the 
season : for they move only in the summer. In a single case the 
advance was 4,400 feet in nine years. Sometimes they advance 
lower and lower for several years in consequence of the low tem- 
perature, and then they retreat by being melted and evaporated 
when the seasons are warmer. But these changes have no regular 
period, nor are they dependent upon an;r general changes in the 
temperature of the globe. As the glaciers advance and retreat 
they produce and leave successive moraines, especially terminal 



Descr. Although the inferior surface of the glacier is pure 
smooth ice, yet it is usually thiclfly set with fragments of rock, 
pebbles^ and coarse sand, firmly fcozen into it, which make it a 
huge rasp; and when it moves forward, these projecting masses, 
pressed down by the enormous weight of the glacier, wear down 
and scratch the solid rocks ; or when the materials in the ice are 
very fine, they smooth and even polish the surface beneath. The 
movable materials beneath the ice are crushed and rounded, and 
often worn into sand or mud. The rocks in place, against which 
the glacier presses, are also smoothed and striated upon their sides. 
These striaa, wherever found, are perfectly parallel to one aoother, 
hecatise the materials producing them are fixed in the bottom of 
the ice. But as the glacier advances and retreats, new sets of 
scratches will be produced, which sometimes cross those preyiously 
made, at a small angle. 

e smoothed aod 
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MocJea sittated hy fflacie>i 



Fig 164. 
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Oescr. When the ledges beueatli the alaciers are xiueyeu, and 
exhibit many anguhir projections, the angles are worn off, and tie 
smrtaees assume that peculiar rounded and undulating appearance 
denominated hy Saussure, rockes moutonees ; some imperfect ox- 
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aiupleaof which are shown on Figs. 160 and 161, where a considera- 
ble anrfaoe near the lower left hand cornei' of the drawing, shows 
the effect of former glaciers. 

Descr. Currents of water aometimea conspire with the move- 
ments of the glacier, aad form grooves or troughs of considerable 
depth and width on the top of precipitous rocks, to which ourronta 
of water could have no access were not the space around them 
filled with ice. Such furrows are called, in Switzerland, lapiaz, or 
lapiz. 

Descr. Two theories have been advanced to account for the for- 
ward movement of glaciers. The first explains it by the expansion 
of the water, which is infiltrated among the snow and ice, and 
ftozen. This view is ably defended by Agassiz, in his Etitdes svr 
les Glacieis. But the objections are very strong. By this hy- 
pothesis the advance of the glacier ought to be the greatest in the 
winter, because the congelation is then most energetic. But in 
fact it scarcely advances at all at that season, while in anmmer its 
progress is moat rapid, and then the congelation scarcely extends 
beneath the surface. Again, expansion would cause the mass to 
swell upward, because there would be the least resistance; but the 
effect lengthwise of the glacier, must be small. 

Sescr. The other theory explains the glacier's advance hy the 
power of gi-avity. This is ably defended by Prof Forbes. In his 
view, " a glacier is an imperfect fluid, or a viscous body, which is 
urged down slopes of a certain inclination by the mutual pressure 
of its parts." It is not an iaflesible layer of ice, but in its upper 
part, when penetrated by water, it is more or less plastic, and ia 
its other parts, it becomes so by the vast number of fissures by 
which it is divided. When wet at the bottom, this same fluid 
mass, lying on a slope, cannot but be urged forward with great 
power by gravity. "When forced to pass a defile, it contracts in 
width, and then expands into a broader stream, as a common river 
would do. The higher and central parts of the glacier move like 
rivers with the greatest velocity, and the velocity varies with the 
inclination of the bed. Upon the whole, the arguments in support 
of this theory seem deoidely to predominate, and it is generally 
adopted. 

Ssm. I know not wIiot I have been so strnot with tha evidanoe of the ex- 
ertion of prodigioua mechaoioal powei', as when exaininijig tta lateral and 
terminal moruineB of Alpine ^laaici's, B,nd the evidence of erosion ia ihe s'»>rcd 
and rounded rocks. It sseined to me that ndther expansion nor gi'avitj 
would furnish tlie requisite tofce. Yat I know not what otlier power can be 
Bvokad. 

Fcrnner Extent of Glaciers. 
Descr. The researches of Veneta, Charpentier, Agassiz, Guyot, 
Forbes, and others, have brought to Bght marks of ancient glaciers 
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in the Alps at a much higher level than those now existing, and 
far in advauoe of them. The evidence consists of moraines, insulat- 
ed blocks, and especially of eraothed, striated, and rounded 
rocks in plaoe, produced by a force crowding down the valleys that 
descend from the sumraits of the Alps. Some able geologists, I 
know, have doubted whether these proofs are to be relied upon. 
But I can hardly imagine how any one accustomed to observe geo- 
logical phenomena, can spend even a fortnight in Switzerland and 
Savoy, as I did, without meeting numerous marks of ancient gla- 
ciers, quite removed from those now existing. With nothing to 
direct me to the localities pointed out by these authors, thej arrest- 
ed my attention in many places. On the steep north side of 
Kighi, nearly 5,000 feet above the ocean, lay large boulders evi- 
dently from the Bernese Alps, left there as a lateral moraine of an 
enormous glacier. In passing up the Arve, many miles before 
reaching Chamouny, huge piles of detritus occur, which must be an 
ancient moraine; and some six or eight miles below Chamouny, where 
the spurs of the Brevent and the Forclaz crowd upon the path, the 
striated and embossed rocks are common, proving that a glacier 
once occupied the valley of the Arve at this place. Beyond 
Chamouny, on the north-west side of the valley, near the Chalet 
on Flegere, 3,500 feet above Chamouny, and even several hun- 
dred feet higher, the smoothed and striated rocks are common ; 
the strije pointing down the valley of the Arve, and showing that 
a glacier of the depth of 3,500 feet once existed there. In cross- 
ing from the vale of Chamouny to Martigny, through the Tete 
Noir, one is struck at the summit of the pass, with the evidence 
on the lofty precipices, that a glacier once descended from Mont 
Blanc through that gorge towards the Rhone ; and below Martig- 
ny, we find evidence all along, especially beyond St. Maurice, of 
the former descent of a glacier towards Lake Lemau. I mention 
only these few oases that attracted my attention on these much- 
frequented routes among the Alps. Similar marks have been 
traced across the broad valley of Switzerland, and enormous 
boulders from the high Alps may be seen on the opposite Jura 
Chain, sixty or seventy miles distant, proving beyond reasonable 
donbt the former vast extension of the Alpine glaciers. 

Descr, The theory of Charpentier, Agassiz, and others, is, that 
the great valley of Switzerland was once filled with ice, and the 
blocks were carried by its motion from the Alps to the Jura. Fig. 
165 will show how small must have been the declivity, much less 
than is now sufficient to cause a glacier to move, — none of them 
making much progress where the slope is not over 3°. Hence, 
Sir Cliarles Lyell and Mr. Darwiu suppose that when the great 
valley of Swltzorlaod was beneath the ocean, and the Alps were 
raised above it, and the Jura formed an island, the glaciers, descend- 
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_. .„ ing from the former ioto the ocean, sent ofFioebergs, 
*' ' loaded with hlocks, whioli stranded on the Jura. 1 

~lJara will not decide between these hypothesis in respect 

to this particular case; but that in other places 
around the Alps we find evidence of a former wide 
extenaioa of glaciers, I cannot doubt. 

Descr, Similar evidence presents itself in countries 
no longer containing glaciers. I waa struck with 
these marks in the mountains of Wales; though I 
had forgotten that any writers had expressed a con- 
Tiction of the former presence of glaciers there. For 
I perceived that the sides and bottoms of the vaUeya 
radiating from Snowdon, the highest mountain of 
England, — were smoothed and embossed just like the 
Alpine valleys to a certain elevation, and by a force 
crowding downward through those valleys ; and I 
can conceive no other power but glaciers that can 
produce sach effects. 

Bescr. Professor Ramsey, eminently qualified to 
discuss this matter, has given us his views of the an- 
cient glaciers of Wales, in the number of the Quar- 
terly Gfologkal Journal for August 1852, (p. 381.) 
He finds evidence that common drift, which he con- 
siders a marine accimiulation, has been deposited in 
Wales to the height of 2,300 feet, since the glacier 
period described in the preceding paragraph. But 
since the ocean has retired, he thinks another period 
of glaciers existed there, whose moraines may still be 
Been. The occurrence of glaciers in Wales was first 
pointed out by Dr. Buckland in 1841. 

Descr. It seems nearly certain that glaciers once 
descended from some of the mountains in the High- 
lands of Scotland. It appeared to me that some of 
the accumulations of detritus in that country that 
have been regarded as moraines, were rather drift 
modified by the subsequent action of water, though 
it might be that they were moraines thus modified. 
But Mr. W. Hopkins (Quarterli/ GeologicaUtmrnai, 
Feb. 1853, p. 20) has made it probable that the 
mountains, Ben Cruachen and Ben Nime, formed 
granitic centres of dispersion for glaciers; most 
t likely, as in Wales, previous to the deposition of the 
great body of marine drift, which came from the 
north-west. Dr. Buckland considers SchiehaUion to 
have been once the seat of glaciers, and Agassis re- 
gards the Grampians and Ben Nevis in the same 
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light. De la Beche's GecHogkal Observer, p. 273, Philadelphia, 
1851. 

Descr. Glaciers, it is well known, ezist at the present day on 
the Himalaya Mountains in India. " The former extension of the 
glaciers," says Captain Strachej, {Quarterly Geological Journal, 
Nov. 1851,) far beyond their present limitB, is a phenomenon that 
may be noticed almost everywhere in these mountains, and he 
imputes it to a change of climate consequent on the upheaval of 
the great plains of northern India. 

Descr. The traees of former glaciers in the United States have 
long been sought after with great care by geologists ; but hitherto 
with only doubtful success. But I am now able to refer with 
much confidence to some examples of this sort, discovered by me 
in the summer of 1852. It is well known that the range of the 
Green Mountains is continued from Vermont across Massachusetts 
and Connecticut, and that its eastern elope is 20 miles wide, — its 
western side being more precipitous. Across this eastern slope 
several rivers have cut deep valleys, opening into the valley of 
Connecticut river. These streams run nearly east, while the high 
hills through which they pass, show on their summits the strisa 
and other phenomena of the drift agency. The deviation of these 
striie is nearly north and south, deflected often towards the east 
from the south, and to the west from the north, a few degrees. 
But on the steep sides of the east and west valleys, is another set 
of strise, running nearly east and west, formed by a force directed 
down the valleys, as is proved by the stoss side of the ledges. 
These could in no possible way have been produced by the drift 
agency; but they are precisely the effect that would be produced 
by glaciers, sliding down the valleys towards Connecticut river 
from the crest of Hoosae Mountains. I have found several quite 
distinct examples : one on Westfield river iu Eussell ; another 
near Chester Factories ; another also in Russell, on Westfield 
Little River ; and a fourth in a gorge through Sodom Mountain ia 
Granville, and several on Deerfield river. I can hardly doubt that 
either before or since the last immersion of New England beneath 
the ocean, the Green and Hoosae Mountains formed a crest from 
which glaciers descended perhaps both east and west. Yet on the 
west side the vaUeys are very short, and I have not yet seen any 
evidence of glaciers there. 

Degradation of Rocks and Soil hy Frost and Rains. 

Descr. Water acts upon rocks and soils both chemically and 
mechanically: chemically, it dissolves some of the substances 
which they contain, and thus renders the mass loose and porous: 
mechanically, it gets between the particles and forces them 
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asunder; so that they are more easily worn away when a oorrent 
passes over them. Congelation still more effectually separates the 
fragmentB and grains, and thus renders it easy for rains and grav- 
ity to remove them to a lower level. In a single year the influ- 
ence of these causes may be feeble ; but as they are repeated from 
year to year, they become in fact some of the most powerful agen- 
cies in operation to level the surface of continents. 

Detritus ; or, DeMs of Ledges. 
Descr. It is chiefly by the aetion of frost and gravity, that those 
extensive accumulations of angular fragments of toeks are made, 
that often form a iahis., or slope, at the foot of naked ledges, and 
even high up their faces. In some cases, though not generally, 
this detritus has reached the top of the ledge, and no farther addi- 
tions are made to the broken spoils, which usually slope at an 
angle not far from 40°. Examples of this detritus are usually 
most striking along the mural faces of trap rocks ; as for instance 
the valley of Connecticut river in New England. 
Inf. From these facts it appears that the earth cannot have ex- 
isted in its present state an immense period of time : otherwise 
' (e slopes of debris would in every instance have extended to 
top of the ledge : that is, the work of degradation would have 
oeen finished. We cannot, indeed, determine from this geological 
chronometer, the chronological epoch when this work of degrada- 
tion commenced; but we are at least made sure, that the present 
state of the earth had a beginning. 

Rivers. 

Descr. Rivers produce geological changes in four modes: 1. 
By excavating some parte of their beds. 2. By filling up other 
parts. 3. By forming deposits along their banks. 4. By forming 
deposits, called deltas, at their mouths. 

iiiflm. Moat of the lurger rivers, eapeciallj where tliey flow through a 
level country, ore filling up their cbatineU; but where smaller streams pass 
through a mount^Doua region, the power of excavation is still going on ; and 
it LB accompliBhed in a good measure by meaoa of see /r«jftc(s. It is impossi- 
ble for one who haa not witoeeaed the breaking up of one of these streams 
in the spring, when for many mites the whole cbannel becomes literally 
dioked with ice, to form an adequate i<iea of the immeose excavatiag fotie 

Descr. The deposit formed in the lake of Geneva by the waters 
of the Rhone has been already mentioned. Another is formed at 
the mouth of this river, on the shores of the Mediterranean, and is 
said to be mostly solid calcareous and even crystalline rook, iy- 
eWs Prin. Geol, vol. 1, p. 433. The delta of the Mississippi has 
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advanced aeveral leagues since New Orleans was built. The delta 
of the Ganges commences 220 miles from the sea, and has a base 
200 miles long, and the waters of the ocean at its mouth are muddy 
60 miles from the shore. Since the year 1243 the delta of the 
Nile has advanced a mile at Damietta ; and the same at Foah since 
the 15th century. In 3,000 years the gain of the land at the 
mouth of the Po, has been 18 miles, for 100 miles along the coast. 
The delta of the Niger extends into the interior 1 70 miles, and along 
the coast 300 miies, so as to form an area of 25,000 square miles. 

Descr. An immense alluvial deposit is forming at the mouth of 
the river Amazon and Oronoco ; most of which is swept northerly 
by the Gulf Stream. The waters of the Amazon are not entirely 
mixed with those of the ocean at the distance of 300 miles froili 
the coast. The quantity of sediment annually brought down hy 
the Ganges, amounts to 6,368,077,440 tons; or sixty times more 
than the weight of the great pyramid in Egypt. The quantity of 
matter chemically and mechanically suspended in the waters of 
Merrimac river, that run past the eity of Lowell in Massachusetts, 
in 1838, according to the very accurate esperiraents of Dr. Samuel 
L. Dana, amounted to 1,678,343,810 pounds avoirdupois. The 
annual amount of anthracite coal used in the Merrimac Print 
Works in Lowell, is 5,000 tons; and Dr. Dana estimates, that if 
the above amount of sediment were coal, it would supply those 
works 167 years. The ijuantity of water discharged by the Mer 
rimac in 1838, was, 219,998,840,800 cubic feet. 

Inf. 1, The extensive deposits thus forming daily by rivers, 
need only consolidation to become rocks of the same character as 
the shales, sandstones, and eonglomerates of the secondary series, 

Frin. In many instances it can be shown that the present beds 
of rivers were only in a small part produced hy their own erosions, 
and that previous agencies in great part prepared the valleys 
through which they run. 

Ilhis. Fig. 166 ahowa Connecticut River, OTossing Massaoliueetta and Con- 
necticut, and emptying into Long lalaud Sound. If it bad been left at first 
to find its own way to the ocean, and tbe passage between Holjolre and Tom 
(which are in fact but one ridge) had not been formed, it muat have passed 
tliroQgb the valley A, to tbe souod; since no part of that volley (through 
which the Farjnington caniil paaaes) is more than 134 feet above the present 
bed of tbe river, where it runa between Holyoke and Tom. Or if the bed of 
the river had not exiated through the mountaina V)eIow Middletown in Coq- 
oeetiout, the river, instead of forming it, would have passed to the Sound 
through tha valley B, through which the Hartford and New Haven Eailroad 
uow runs, aud no part of which vaa be more than 20 or 80 teet above tha 
preaent level of the river at Hartford. 

Descr. Terraced valhys, (of one of which a cross section is given 
in Fig. 166, at A,) sometimes exist in alluvial or tertiary regions, 
with the terraces on each side of equal height. 
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Other Valleys. 

Descr. The terraced valleys above described are denominated 
valleys of denudation, when produced by the denuding force of 
water; and aumerous valleys of other shapes, having been formed 
in the same manner, are thus called. Indeed, scarcely a valley 
exists that baa not been more or less modified by this cause. But 
the greater part of the larger valleys that furrow the earth's sur- 
face, had a different origin ; viz. the elevations, fraetures, and dis- 
locations which the strata have esperienced. 

Proof, The plieoomenn of longltu<^nal aod transverse valleya prove that 
all of tfiem cannot have been the result of running water. In Fig. 167,'whieh 
18 a sketch of the valley of Ooaneetiout river, witti a portion of the raountain- 
BOS region on both sides, it will be seen that tie general direction of the 
mountaiD lidges, and of course of the valleys, ia nearly north and south. 
Nevertlieleas, it will be seen that the tributavies of the Conneetiout, Parm- 
ingtoD, Agawiun, and Deerfield rivers, and also the Connecticut itself, pass 
across these ridges atid longitudinal valleys, in transverse valleys, which must 
be deeper than the others, else the water would flow out laterally into the 
longitudinal valleja. Now, it is obvious that both seta of these valleys could 
not have been exoavated by water. For if the longitudinal valloys were thus 
formed, how could the water afterwards be raised to the requisite level, for 
Butting valleys through the longitudinal ridges ! We must, therefore, sup- 
pose that one and often both of these sets of valleys originated in the frac- 
tures and foldings of the strata at the time of their elevation ; and that water 
has only rounded their outlines and covered tJieir inequalities with detritus. 

Def, When a valley is produced by the sinking of the strata, 
or which is the same thing, by their elevation along two parallel 
anticlinal lines, it forms what is called a vaJky of subsidence ; as B. 
Fig. 166. When by the elevation of the strata they are made to 
separate at their highest point, a valley is produced, called a val- 
ley of elevation ; as 0. When a fracture has taken place in the 
strata, so as to leave the sides very steep and the valley narrow, a 
ravine is produced; as at D. In such a case the lower part of the 
fissures is usually filled up with detritus. 
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Prin. In some instances it is very difficult to decide whether a 
particular gorge or raTine has heen excavated by existing streams 
or by earlier agency, or was in part formed by some original dis- 
location of the strata, or by all these causes combined. 

Frin. In manj instances it is obvious what share existing rivers 
have had in excavating their beda, and we are often surprised at 
the magnitude of the work. 

Jf!xample3. Out of a multitude of examples illustrating this principle, I 
select ouly a few, for want of room. 

1. IliB gulf, 7 miUs loag aud ISO feet deep, between Niagara Falls and 
Lake Oiilaiio, Imb long exoited tlie attentioD of geolo^ts. and some of tbeoi 
have imagined other ageaciea beside tbe river to mahc the erosion. But we 
Bee ft ^OTk now going on there from year to year, which needed only time 
enough to have excavated ttie whole gorge, imd time la an element for whtoh 
ft multitude of geological facts make an ainiost unlimited demand. , At Niag- 
ara Falls 610,000 tons of water are precipitated ovei' the precipice etery 
minute. The upper shelf of rock is quite hard, but the layers of strata be- 
neath are worn out by Che dripping water, and tben the weight eausee the 
bard crust to break olf from time to time in large masses. The rate of retro- 
ceseion, however, has not been ascertained ; aud if ic could be, the present 
rate would not show what it was when the Ul was nearer tbe lake and the 
rocks were different. 

2. On Genesee river, in New York, we find very striking evidence of ero- 
sion. Between its mouth and Rochester, seven miles, aie three cataracts, 
some miles apart; and some of these falls have receded farther. than others, 
because there are three kinds of rock crossed, which aie worn away with 
different degrees of rapidity. South of Ruohester we find a gorge worn 14 
miles long, from Mount Morris to Portage, sometimes 350 feet deep, with 
three distinct falls, originating in the same*cau9e as that above mentioned, 
and wljicb proves beyond question that the' river has done the work. 

5, On the Potomac, ten miles west of Washingiton, Great Falls have worn 
out a gorge from 60 to 70 feet deep, and four miles long, In bard mica slate. 

4. (Jtmona (pronounced caiiySna). In our south-westBrn States, New Mex- 
ico, Arkansas, Ac, where for days the traveller finds no trees, and the coun- 
try is nearly level, the rivers have cut long and deep gulfs into the hori- 
Kuntal strata. Their existence is not suspected till a person finds himself ar- 
rested on the brink of a precipice, often hundreds of feet high, at tbe foot of 
which, and bounded by an opposite wall, the stream runs. These gulfs are 
called Cononn, and often iJiey are so long that for days the traveller can find 
□0 place tu cross, nor to water hla animals. They extend also up the tribu- 
taries ; a conclusive proof that the streams themselves and not convulsions 
have produced tliem. The Grand Canon on the Canadian river, is 260 feet 
deep and 60 miles long. The Canon of Cbelly, in New Mexico, has walls 
from 100 to SDO feet high, and is 26 miles bng. The annexed sketch of a 
Cananed Creek, (Fig. IBB,) is copied from Lt. Abert's Report t/> the Govern- 
ment. See also the Reports of Emory, Stansbury, Simpson, Marcy, &c. Tlie 
latter describes a canon on Ked River in Texas, TO miles long, and fron- GOO 
to 800 feet deep. 

6. At St. Anthony's Falls on the Mississippi, the river has worn baokwardi. 
seven miles, like the Niagara. 

6. On the Missouri, near its source, at a spot called the Gates of the Rocky 
Mountains, is a gorge S miles long and 1,200 feet deep. 

1. Were there room to describe similar erosions on the eastern continent, 
1 should refer to tie Via Mala on the upper part of the Rhine, 1,600 feet 
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deep, 4 m[leH long, and onlj 30 feet wide: to the DefiU of Karxa, on tbe 
Danube, 201) yards wide and 3.000 feet deep; to a giUf on Dug river in 
HuuDt L(%iuion. "lO or SO feet deep, and aix miles long ; to another in Wad j 
Barida in Ihe same region. 600 to BOO feet deep ; to a goive on tb^ river Ela- 
vendooz in Kurdietiin, {deacribed in a letter from Rev, Dr, Perkius,) 1,000 
feet deep ; to a passage out bj the river Zajre in Afriea, through mioa elata 
and syenite, forty Diilea long; to a gorge in Australia, on Cox river, 800 feet 
bigli, and 2.200 yards wide; and to a multitude. of other exaaiple«, 

DescT. In all the cases above described, the erosioas were prob- 
ably formed by the rivers since the drift period, or what is more 
definite, since the last emergence of our continents from the ocean. 
Bat from certain investigations, which I have pursaed for several 
years past upon this and kindred subjects, it appears to me not dif- 
ficult to distinguish beds through which rivers flowed on a former 
continent ; but which became so choked up with detritus, while the 
land was below the ocean, that when it emerged, our present i*ivers 
were forced to find new channels. I am prepared to point out with 
minuteness of detail, many such cases, and hope to do so soon in a 
paper I am preparing on the Erosions of the Sarth's Surface, 
tspecially by Rivers, to be presented to the Smithsonian Institu- 
tion.' I can here only name a few of such aBtediluvian river beds, 
referring to that paper (should it ever be published) for the de- 
tails. The strongest evidence on which I rely to prove a golf to 
have been an ante-drift river bed, ia the occurrence on its bottom, 
or sides, of pot holes, which are never formed but by a cataract, 
and consequently cannot be made by the waters of a lake, or of 
the ocean. And the proof that such a gulf waa occupied by a 
river on a continent previous to the present, is found in the sand 
and gravel, such as the ocean would deposit, which occupies its 
bed. By these principles I have found distinct examples of these 
ancient river beds in Cavendish, Vt. ; in Orange, New Hampshire, 
through which a railroad passes; in Buckland, Massachusetts; in 
Portland, Connecticut; on Genesee river at Portage, and near its 
mouth; on Niagara river between the Whirlpool and Ontario, 

Rem. Other gorges, which were beds of rivers on continents of still earlier 
date, and which havB been excavated by several agencies operating at differ- 
ent times, will be described in a aubsequcnt paragraph. 

Bursting of Lakes. 

Descr. A few examples have occurred in which a lake, or a large 
body of water long confined, has broken through its barrier and 
inundated the adjacent country. An interesting example of this 
kind occurred in the town of Glover in Vermont, in which two 
lakes, one of them a mile and a half long and three-fourths of a 
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mile wide, and in some places 150 feet deep ; and the other, three- 
fourths of a. mile long, and half a mile wide, were let out by hu- 
man labor, and being drained in a few minutes, the waters urged 
their way down the channel of Barton river, at least 20 miles, to 
Lake Memphramagog, mostly through a forest, cutting a ravine 
from 20 to 40 rods wide, and from 50 to 60 feet deep ; inundating 
the low lands, and depositing thereon vast quantities of timber. 
American Journal of Science, vol. II, p. 39. In 1818, the waters 
of the Dranse, in Switzerland, having been long obstructed by ice, 
burst their barrier and produced still greater desolation, because 
the country was more thiefcly settled than the borders of the lake 
above named. De la Beche's Manual, p. 56. 

Rem, It has beea suppoaect, tliat should the (yis of Ifiagara ever recede 
to lake Erie, a terrible laundotim oftbert^oa eastward would be the reeult ; 
but Da la Bache has proved saCistaotorilj, that the oolj eSeot would be a 
gradual draiuiog of lake Erie, irith oot; a sl^t iuoreaie of Niagara river. 
Theoretieal Sealoggi P- 164. 



Agency of the Ocean. 

Descr. The ocean produces geological changes in three modes ; 
1. By its waves: 2. By its tides; 3. By its currents. Their 
effect is twofold: 1. To wear away the laud: 2. To accumulate 
detritus so as to form new land. 

Descr. The action of waves or breakers upon abrupt coasts, 
composed of rather soft materials, is very powerful in wearing 
them down, and preparing the detritus to be carried into the ocean 
by tides and currents. During storms, masses of rocks weighing 
from ten to thirty tons, are torn from the ledges, and driven 
several rods inland, even up a surface sloping with a considerable 
dip towards the ocean. 

Exam. In the lath centary, a etnut half as wide an the channel between 
England and Frante, was excavated in 100 jears in the north part of Hol- 
land ; but its width afterwards did not iDcreaee. The English Channel also, 
has been supposed to have been formed ia a similar nuuiner. In England, 
B«veral villages have entirely disappeared by the eocroactimentB of the sea. 
At Oape May, on the north aide of Delaware Bay, the sea hna advanced upon 
the land at the rate of about 9 feet in a year ; aud at Sullivan's Island, near 
Charleston, 3. Carolina, it advanced a quarter of a mile iu three years. But 
perhaps the coast of Nova Scotia and New England, exhibits the moat atiik- 
ing examples of the powerful wasting agency of the waves, whose foi-ce tbei'e 
ia often tremendouB, especially during vioieat north-east storms. Where the 
coast is rocky, insulated masses of rocks In Scotland, called Ilrongg, are left 
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Dsur. It is difliault to esamina tba ooiiat of Nova Scoiia nad Ndw Eng- 
land ! — to witness tlia great auiouat of aaTied battered rocks, aud to aes iiar- 
lDorB luid iodentations ouieflj wliere tbe rocks nre rattier soft, wbile tlie capes 
and UWds are chiefly of tl:e hardest varietieB, — witlioiit beiag convinced 
tluiC moat of tbe bsrboFB and bays huTe been produced by this ageni^. Iti 
Biiston Huj'bar. the outer islands are oomposed. of Daked rook, anil Sillier 
witliin the hariior, the outer borders of the ialanda aee beiug awept of their 
loose aoii. Here we see the steady progress of tbis oncroaoliiug proeeas. 

Fig. no shows the roolis and light housea (there is seareely anything else 
to be seen) oti the island near the extremity of Cape Auu. in MussacLiuaettB, 
which ia peculiarly exposed to N. E. storms. 

Fig. !7l will give sji idea of the appearance of tlieiElandg ic Boston Har- 
bor, as it is entered from the north-east. 



Descr. "When the rooks espoacd to the "waves are divided by 
fiasurea, running perpendicular to the coast, the mass between two 
fissures is sometimes removed by the water, thus leaving a chasm, 
often several rods long and very deep, into wliiot tbe waves i-ush 
during a storm with great noise and violence. Such caverns have 
reoeivod in New England the singular appellation ai purgatories. 
Very good examples occur in the vicinity of Newport, Rhode 
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Beaches of Shingle and Sand. 

Desci: Tlie sliingle, or perfectly water-worn pebbles of a coast, 
and Band, are sometimes driven upon the sliore by the waves, so 
as to form beaches; and sometimes even large boulders are thus 
urged inland by powerful storms, so as to lie in a row on the shore. 
In some cases of this sort, after the beacbes have been fonned, the 
waves rather protect the eoast than encroach upon it. 

Dttnes or Doums. 

Descr. The Siind whluh is driven upon the shore by the waves 
as above described, is often carried so far inland as to be beyond 
the reach of the returning wave ; and thus an accumulation takes 

Elace, which is the origin of most of those moving sand hills, Imown 
y the name of dunes or dmvns. When the sand becomes dry, 
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the sea breezes drive it farther and farther inward ; the land 
breezes not having equal power to force it back ; and at length it 
beeomea a formidable enemy, by overwhelming fertile fields, filling 
up rivers, and burying villages. Sometimes these dunes occur in 
the interior of a country. 

Exam. Every one ia familiar with the history iif these duoea iu Egypt. 
The westerly winds have brought ia the eanda from the Lybian duserL aud 
all tlie west side of the Nile, with the exception of a few sheltered spots, baa 
been eonverted into an arid waste. In Upper Egypt especially, the remMna 
of ancient templea, palaees, eitiea, and villages, ace numerous among tha 
drifting aands. In Europe, around the Bay of Biscay, a similar destructive 
prooesa is going on, A great number of villages have been entirely de- 
stroyed ; and no less than ten are now imminently threatened by eand hills, 
which adrauce at the rate of 60 or even 72 feet annaally. Od the cottst of 
Oorowall in England. Bipolar effeets have taken (Dlaoa. These dunea are also 
common on tbe coast of the United States, especially on Cape Cod in Uassa- 
ehosette ; where strenuous efforts have been made to arrest their progress, 
and to prevent the destruction of villages and harbors that are threatened. 

Waves and Tides. 

Ran. 1. It has generally been stated that waves do not affect the bottom 
of the ocean where the water is more than 20 feet deep. But the exact 
depth to which their disturbing influence extends, has not been accurately 
settled. 

.Bern. 2. It must be recollected in estimating tbe power of waves to re- 
move rocks, that the weight of the latter in water is not much more than 
half their weight in air ; and consequently that a much less force will re- 
move them. 

Descr. In large inland bodies of water, such aa the Mediter- 
ranean, Black and Caspian Seas, and Lake Superior, tides are 
searcely perceptible ; never exceeding a few inches ; and in the 
open ocean they are very small ; not exceeding 2 or 3 feet ; but 
in narrow bays, estuaries, and friths, favorably situated for accumu- 
lating the waters, the tides rise from 10 to 40 feet; and in one in- 
stance even 60 or 70 feet on the European coasts, and in the ^ay 
of Fundy, in Nova Scotia, 70 feet. In such eases, especially where 
wind and tide conspire, the effect is considerable upon limited por- 
tions of coast, both in wearing away and filling up. Ik la Bech£i 
Manual, p. 85. LyelPs Prin. Geol, vol. 2, p. 24. 

Oceanic Currents. 

Descr. Oceanic currents are produced chiefly by winds. The 
most extensive current of this kind is the Gulf Stream. This 
flows out of the Indian Ocean, around the Cape of Good Hope, 
passes northward along the coast of Africa to the equator, thence 
across the-Atlantic, being increased by the Trade winds ; and im- 
pinging against South America, it is turned northward, and coa 
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tinaes along the coast of the TJnit^d States even to the banks of 
Newfoundland; from whence it turns east and south-east across 
the Atlantic, returning to the coast of Africa to supply the de- 
ficiency of waters there. It is estimated that this current covers 
a space ^,000 miles in length, and 350 in breadth. Its velocity is 
very variable ; but may be Stated as from one to three and even 
four miles per hour; its mean rate being 1.5 mile. Acurrentseti 
northward between America and Asia, through Behring'a Straits, 
which passes around the northern esttemity of America, and flows 
out into the Atlantic in two currents, one called the Greenland cur- 
rent, which passes along the American continent, at the rate some- 
times of three or four miles per hour, until it meets and unites 
with the Gulf Stream, near the Banks of Newfoundland, where the 
velocity is two miles per hour : the other sets into the Atlantic 
between America and Europe. It is these two currents that con- 
vey icebergs aa far south as the 40th degree of north latitude be- 
fore they are melted Among the Japanese Islands a current sets 
north-east, sometimes as strong as five miles per hour. Another 
seta around Cape Horn from the Pacific into the Atlantic Ocean. 
A constant current sets into the Mediterranean through the straits 
of Gibraltar, at less than half a mile per hour. It has been eou' 
jeotured, but not proved, that an under current sets outwards 
through the same strait, at the bottom of the ocean. Mr. Lyell 
also suggests that the constant evaporation going on in that sea, 
may so concentrate the waters holding chloride of sodium in solu- 
tion, that a deposit may now be forming at the bottom. But the 
deepest soundings yet made there, (5,880 feet,) brought up only 
mud, sand, and shells. Numerous other currents of less extent 
exist in the ocean, which it is unnecessary to describe. They form, 
in fact, vast rivers in the ocean, whose velocity is usually greater 
than that of the larger streams upon the lauds. De la. Beck&'s 
Manual, p. 'Jl. 

Descr. The ordinary velocity of the great oceanic currents is 
from one to three miles per hour ; but when they are driven 
through narrow straits, especially with converging shores, and the 
tides conspire with the current, the velocity becomes much greater, 
rising to 8, 10, and even in one instance to 14 miles per hour. 
JjyeWs Frin. Geol., vol. 2, p. 29. 

Descr. The depth to which currents extend has not been accu- 
rately determined. Some limited experiments seem to indicate 
that they may sometimes reach to the depth of nearly 600 feet 
It ought to be remembered, however, that the friction of water 
against the bottom, greatly retards the lower portion of the cur 
rent ; so that the actual denuding and transporting power in these 
oorrents is far less than the velocity at the surface would indi 
cate. 

10* 
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Descr. Alike uncertain are the data yet obtained, for determin- 
ing what velocities of water at tlio bottom are requisite for re- 
moving mud, aand, gravel, and boulders. It has been stated, how- 
ever, (and these are the hest results yet obtained,) that 6 inches 
per second will raise fine sand on a horizontal surface, 8 inches, 
sand as coarse as linseed; 12 inches, fine gravel; 24 inches per 
second will roll along rounded gravel an inch in diameter ; and 36 
inches will move angular fragments of the size of an egg. The 
velocity necessary for the removal of large boulders has not been 
measured. A velocity of 6 feet per second would be 4 miles per 
hour; of 8 feet per second, 5.4 miles per hour ; of 12 feet per sec- 
ond, 8.2 miles per hour; of 24 inches per second, 16.4 mQes per 
hour; of 36 feet per second, 24,6 miles per hour. Fine mud will 
remain suspended in water that has a very slight velocity, and 
often will not sink more than a foot in an hour; so that before it 
reached the depth of 500 feet, it might he transported by a current 
of three miles per hour, to the distance of 1,500 miles. De La 
Beche's Theoretical Gedogy, p. 56 and 64. 

Inf. I. It appears that most rivers, in some part of their course, 
especially when swollen by rains, possess velocity of current suffi- 
cient to remove sand and pebbles; as do also some tidal currents 
around particular coasts ; but large rivers and most oceanic cur- 
rents can remove only the finest ingredients; and as to large boul- 
ders, it would seem that only the juost violent waves and mountain 
streams can tear them up and roll them along. 

Inf. 2. Oceanic currents have the power greatly to modify the 
situation of the materials brought, to the sea by rivers and tides, 
and to spread them over surfaces of great extent. 

Sxam.. The waters of the Atuozun, etill I'etaiDing fine sediment, are fouQd 
OD the Burfuce of the ocean 30O miles fi'otn the coast, where thej are met by 
the Gulf Stream, which runs there at the rate of four miles per hour. Thue 
are these watera tarried Qoclherlj aJong the coast of Guiana, where an exten- 
sive deposit of mud haa been formed, which cjtteniis an unknown distance 
into the ocean. In lilie manner, the muddy waters of the Oronoca and other 
rivers are swept northerly, and probacy a deposit is going oo along the 
whole coast of America as far north as the Gulf Stream e:xtende. LyelCi 
Prin. Qeol., vol. 2, p. 112. 

Descr. Of the above agents of erosion, the ocean has, without 
doubt, been by far the most potent. It must be borne in mind, 
that our present continents, certainly North America, have been 
several times submerged beneath the ocean, and again elevated 
above it by slow vertical movements; so that every part of these 
countries has been again and again subjected to the long- continued 
action of the waves and currents : in other words, every portion 
of the surface has been repeatedly the shore of the ocean, against 
which itfi waves, tides, and currents have impinged as fiercely as 
they now do. During the Silurian and Devonian periods the but- 
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face, oomposed of rocks of that age, must have been beQeath the 
ocean. But during the carboniferous period, large portions at 
least must have been above the waters, to furnish the gigantio 
vegetation which was converted into coal. Subsequently that 
same surface, in some oountriea certainly, must have gone down to 
receive the thick marine beds of the oolite and chalk. During the 
tertiary period, there appears to have been often an alternation of 
salt and fresh-wat«r deposits. But subsequently it seems the whole 
of our western continent was submerged, and then again raised, 
essentially to its present height. 

Amount of Denudation. 

Descr. The great amount of denudation that has been the re- 
sult of these several agencies, may be learned by the following 
facts : 

1. The great abundance of loose materials, often hundreds of 
feet thick, that are spread over the surface almost everywhere, 

2. The evidence of the action of the present sea upon coasts. 
Where the strata are soft, especially if unconsolidated, the oliffe 
are rapidly worn away; and if some portions of the strata resist 
the breakers, fiords, or long narrow friths, will be formed, as on the 
coasts of Norway and of Maine. Some of the latter are 20 miles 
long. See also Boston harbor, lying between the granite promon- 
tories of Cape Ann and Cohasset, while the intervening rock, which 
has been eroded far back, ia conglomerate and slate. 

3. Many deep mountain valleys appear to have been the result 
of the joint action of the ocean and of rivers. Take for an exam- 
ple the gorges at Bellows Falls and Brattlebo rough. It can be 
demonstrated that the mountains here were once united to the 
height of 800 or 900 feet above the present river. (See thepaper 
vn Erosions aiove referred to.) Yet the gorges at present are 
much too wide to have been worn out by the river alone, and must 
have been partly the result of oceanic action. Aa another exam- 
ple, I would express the conviction that the Conneoiicut valley, at 
least from Long Island Sound to Mettawampe, (Toby,) and Sugar 
Loaf in Sunderland and Deerfield, 100 miles, was once filled with 
sandstone, at least 1,500 or 2,000 feet high, that has been worn 
away by oceanic, fluviatile, and drift action, which the trap ranges 
alone have been able to withstand. 

4. All the fossiliferous consolidated rocks, sis or seven miles 
thick in some plaefls, are formed of materiab eroded from older 
strata, stratified or unstratified ; and in the opinion of many geol- 
ogists, I might say the same of all the stratified non-fossUiferous 
rooks, which by them are regarded as metamorphic and of mechan- 
ical origin. 



Hcssdb, Google 



228 AMOUNT OF DENUDATIONS, 

5. The vast amount of materials that must be supplied to fill 
up deficiencies in the strata, is a striking evidence of tJie gireat ex- 
tent of erosion. In a limited district, at least, we must suppose 
the stratified deposits to have been originally of nearly equal tnick- 
nesa throughout. When elevated or folded, therefore, we should 
expect the several formations to be mantled over one another in 
their highest parts, as well as in lower positions, escept perhapa 
some inconsiderable breaks at the top. But in fact we find vast 
deficiencies in the upper portions, and by prolonging the dips of 
the strata on opposite sides of an anticlinal axis, till they meet at 
the summit, we can tell how much haa been worn away. This may 
be understood by the section below, (Fig. 172,) which, although 
imaginary, does fairly represent the state of things in many 
regions. A, A, is the present level of the sea ; B, B, B, a bed of 
limestone or other rook, conformably interstratified with other 
rocks ; C, C, C, is the present surfece of the country ; and the dot- 
ted lines above this, which are marked by prolonging the dips of the 
interstratified bed of limestone, show what was originally its 
height; and in like manner may the height of any other stratum 
be ascertained. 

Fig. 172. 




Descr. By these principles Professor Ramsay, Director of the 
Geological Survey of Great Britain, one of the most accurate of 
observers, has ascertained that in 8outb Wales and the adjacent 
English counties, amass of rock from 3,000 to 10,000 feet haa 
disappeared ; in other words, the country was once two miles 
higher than it now is. In tho "United States we are hardly pre- 

Eared to solve this problem till more careful measurementa have 
een made. But I have no doubt that when they are made, re- 
sults equally marvellous will be reached. Memoirs of the Geologi- 
cal Survey of Great Britain, vol. I, -p. 297. ■ 

Inf. Prom these investigations Profeaaor Bamaey infers in re- 
spect to Wales, and we need not hesitate to say the same of North 
America, that " the matter torn from above the present surface 
waa far greater than all which still remains above tbe level of the 
sea." Mem. Geol. Sur., p. 335. 
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Calcareous Tufa, or Travertin. 

Descr. In certain oireumatancea water holds in solution a quati- 
tity of carbonate of lime, which is readily deposited when those 
oircnmstanccB change. The deposit is called travertin or calcare- 
ous tufa. 

JSxam. kt Clermont in France, a single tbernml spring has deposited a 
DO&s oi travertin 240 feet long, 10 feet bigb. and 12 feet wide. At San 
VigDone in Tuscany, a raaea bos been formed upon the Bide of a hill, balf a 
mile long and of various tbickaesa, even up to 200 feet. At San Filippo, in 
the same eountry, aBpring has depoBiled a, mass 30 feet thick in 20 yaara. 
And a rpasa is found there, 1.S6 mile in length, one third of a mile wide, and 
in some places 260 feet thick. In the vicinity of Rome, some of the traver- 
tin can hardly be distinguished from statuary marble ; and that which is con- 
stantly forming near Tabrecs in Persia, is a most beautiful variety of semi- 
transparent marble, or alabaster. At Tivoli, m Italy, the beds are sometimes 
from 400 to 900 feet thick, and the rock of a spheroidal strueture. Lt/elCa 
Prin. Beol; vol 1, p. 891. 

MdrL 

Descr. The only kind of marl now in the course of formation, is 
that deposited at tlie bottom of ponds, lakes, and salt water, 
known bj the name of shell marl ; and which consists of carbonate 
of lime, clay, and peaty matter ; as has been described in a pre- 
ceding section. The maris in the tertiary strata are frequently 
indurated, and go by the name of rock marL Much of the marl 
used in Virginia, and other southern States, is composed mostly 
of fossil marine sheUs ; and tbis is a true shell ntarl. Bat that 
usually so called, contains only a small proportion of sbells : the 
remainder being pulverulent carbonate of lime, escept the clay 
and peaty matter, mixed with the carbonate. These beds of marl 
often cover hundreds of acres, and are several feet thick. In Ire^ 
land they contain bones of a large extinct species of elk, as well as 
skelb of Cypris, Lymnaa, Valttata, Cyclas, Planorbis, Ancydus, 
Sfc. The marls of this country contain shells of Planorbis, IJtfm- 
ncea, Cyclas, and other small fresh-water molluscs. 

Bern. These alluvial deposits of marl have been generally snppoaed lo be 
the result of -the decomposition of the small shells wTiioh occur In tbem. But 
tLey seem to me only iu part due to tiia cause. Carbonate of lime, it is well 
known, is scarcely soluble in pure water. Bat if tJie water contain carbonio 
acid, and oarbonate of lime be diffused in it, the acid will render it soluble. 
Tet the eicessof aoid is easily eipelled, and then the salt will be deposited; 
as we know to be tbe ca^e in many waters that are not thermal ; as at the 
mouths of several of tbe streams that empty in the Mediterranean. Hor will 
this depout ba neoesBarily crystalline ; for it may be pulverulent. ITow tbe 
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waters in limestone regions frequently contwu earbouio aoii They also often 
ooQtain carbonate of lime, in a state ofBuspeaeian, nhieh hastieeo worn from 
the rode, Henee (he salt thus dissolyed will be very likely to tie deposited, 
vbea the solution coataiuing it forms ponds, whose stagoant waters are liable 
to ebemioal chaogea sufficient for this purpose. Or if this be doubted, it is 
certainly very possible that the streame that empty into ponds, wEl carry 
thither minute partiolea of limestone, which have been worn fi-uni Che roeks 
over which the waters have passed; and these will be deposited when the 
waters have become quiet. The largest part of these alluvial marls that 
have come under my observation, appear to have been formed in one of these 
modes, and not by the disintegration of the shells. These are generally in a 
sound state, when the marl is first dug, whereas if the powdered part origin- 
ated fVom them, we ought Co find them in fragments of every size. Henry't 
Chemiatry.voX. 2, p. 612, ■Eleventh Edition. Thomion' a Inorganic Chemistry, 
Tol. 2, p, 612. 

Siliceous Sinter. 

Descr. Thermal waters alone can contain silica in solution to 
any important amonnt. The most noted of these are the Geysers 
in Iceland, where a siliceous deposit, about a mile in diameter, and 
12 feet thick, ooeurs ; and those of the Azores where elevations of 
siliceous matter are found 30 feet high. The stems and leaves of 
the frailest plants are converted into sinter or covered with it. 
Thermal springs, also, not in volcanic regions, as on the Washita 
river in this country, and in ^dia, deposit a copious sediment of 
silica, iron, and lime. 

Hydrate of Iron ; or. Bog Iron Ore. 

Deter. It is probable, aa will be shon^ in a subsequent section, that the 
greatest part of the ferruginous deposits so widely diffused, originate from 
the fossil ebielda of animalcula. Yet in some instances we have direct evi- 
d^icathat they are produced by the decomposition of iron pyrites ; for where 
sueh decomposition la going on, (as in the western part of Worcester County, 
in Massachusetts,) the rooks are coated over with the hydrate, and the sur- 
rounding soil deeply impregnated with it Nor can there be any doubt but 
this iron wouldbe often carried by water — although not directly soluble in 
it, — to the lowest places, and into ponds and rivers, so as t« form deposits 

Rem. The hydrate of manganese is almost as widely diffused through the 
nwka as the hydrate of iron ; but its quantity is so small that it eirerta buta 
slight influence in the production of geologii^ changes, and will therefore be 
passed without partioiitar description. TtM siune remarks will apply to But- 
pbateoflime, carbonate of magnesia, chloride of calcium, •to., which occur iu 
almost all natural waiters, and sometimes fbrni deposits of small extent, 

Petroleum, Asphaltum, ^. 

Descr. The great amount of bituminous matter with which oer" 
tain springs are impregnated, renders them deserving of notice as 
existing oanaea of geological ohangSj capable of explaining certaiq 
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appearances in the older rocka; many of which are highly bitumin- 
ous. In the Burman Empire, a group of springs or wells at one 
locality, yielded annually 400,000 hogsheads of petroleum. It is 
found also in Persia, Palestine, Italy, and the United States. In 
this country it has the name of Seneca Oil, from having been early 
observed on the surface of springs at Seneca in N. York. It is 
thrown up in considerable abundance, also, at the salt borings on 
the Kenhawa river in Ohio ; where a few years ago a large quan- 
tity of it, floating on the surface of a small stream, took fire, and 
the river for a half a mile in extent appeared a sheet of flame. 
Am. Jou/rnal of Science, vol. 24, p. 64. In Palestine the Dead 
Sea is called the lake Asphaltites, from the asphaltum which for- 
merly abounded there. But the moat remarkable locality of bitu- 
minous matter is the Fitch Lake in the island of Trinadad, in the 
West Indies. It is three miles in circumference, and of unknown 
thickness. It is sufficiently hard to sustain men and quadrupeds ; 
though at some seasons of the year it is soft. Geohgical Trans- 
actions, vol. 1, p. 63. 

Rmi. Mineral piteb was a principal ingredient in the oemeat used in am- 
atrueting tlie anoiect walla of BabyloD, aud of the temple in Jerusalem. It 
bus lately beeii employed ia a similar raannep, and it ia Baid very suocewfully, 
to form B composition for paving the streets of cities. 

Prin. The various bitumens are produced from vegetables by 
the processes by which these are converted into coal in the earth. 

Inf. Henoe the bitumens that rise to the surface of springs, or 
form inspissated masses on the earth's surface, or between the 
layers of rocks, are supposed to be produced from vegetable mattera 
buried in the earth ; and to be driven to the surface by internal 
heat: and the feet that such deposits -UBually occur in the vicinity 
of active or extinct volcanos, gives probability to this theory. 



Phenomena of f^trings. 

Descr. Water is very unequally distributed among the different 
strata ; some of them, as the ar^llaceous, being almost impervious 
to it; and others, p.B the arenaceous, admitting it to percolate 
through them with great facility. Hence, when the former lie 
beneath the latter in a nearly borizonal position, the lower portions 
of the latter will become reservoirs of this fluid. 

J»/. Hence, if a valley of denudation cuts through these pervi- 
ous and impervious strata, we may expect springs along their juno- 



and A. the valley of denadatioo. v 
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Beter. If a fcult oconr in tliaaa strata, aa at D, -whereby they are sunk on 
the right of D, aod still dip towards L, the water will be aoeumulated at I^ 
becBuae it cannot pass into C, and a spring may be expected at L. 

Rtm. Soractimea the geologists can discover the line of a fault by the oo- 
enrrence of springe, where Dothiog elae indicates its existence at the eurfaoe. 

JOesCT-. In many parts of the world, if the strata be penetrated 
to a considerable depth by boring, water will rise, sometimes with 
great force, to the surface, and continne to flow uninterruptedly. 
Such examples are called Artesian ledls ; from having been first 
discovered at Artois, the ancient Artesium. 



Theory. The theory of these wells ii 
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Inf. 1. If any water bearing stratum, passing under a place 
where boring is attempted, rises higher at any point of its prolon- 
gation than the surface where the boring is made, the water will 
rise above that surface ; and it will fall as much below that surface 
BS is the level of the highest part of the pervious stratum. 

Inf. 2. Hence borings of this sort may fail ; first, because no 
water bearing stratum is reached ; and secondly, because that stra- 
tum does not rise high enough above the place to bring the water 
to the surface. 

Inf. 3, These explorations have proved that subterranean 
streams of water exist ; some of which have a communication with 
wat«r at the stu^e. 

Exam. At St, Ouen in France, at the depth of 160 feet, the borer suddenly 
fell a foot, and a atreaoi of water rushed up. At Tours the water brought 
Uj) from tbe depth of 314 feet, fine sand, v^etable matter, and shells of spe- 
mea living in the vicinity, which must have been carried to that depth within 
a few months preceding. In Westphalia the water broogbt up several amall 
fish, although no river existed at tlie surface within several leagues. The 
bmiags in the United States prove that cavities containing water exiit even 
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Depihi of the Boringi. In England, Arteaian wells liave been nu'ried to 
the dapth of 620 fset with BuoeeBB. In France, they have been sunk 800 
and even 1,200 feet, and in one ioBtanoe near Paris to 1,800 feet before water 
was readied. In the United States, borings fop salt-water in the Western 
States have been carried ae deep as SCO or 900 feet. la llie cities of Nen 
York, Baltimore. Albany, and in various parts of Sew Jersey, Ac., borings 
for fresh water have been carried, and in most instaaces witb saccese, to the 
depth of nearly 400 feet, though water has usually been obtained at a much 
less depth. An excavation in the city of Hew Vorlc, 100 feet deep and 16 
feet diameter, yields 8,000 gallons daily ; and that in Bleecker street, 442 feet 
deep, yields 44,000 gallons daily. Am. Journal of Science, vols. liL, p. 138, 
end xxiii., p. 206. 

.Hem, 1. Until recently these borings have been generally perfected by 
means of a conticuous iron rod, sharpened like a drill at the lower end. But 
H far more convenieut and economical method, which has long been la use in 
China, has lately been adopted : viz. to nse a heavy cylinder of iron in the 
same manner, by means of a rope attached to its upper end; b borer with 
valves being connected with the lower end. for bringmg up the comminuted 
jnateriala. Suckland's Bridgewaier Treatise, vol. 1, p. 668. 

Mem. 2. Thermal Springs will be considered under the eighth sectian. 

Salt and other Mineral Springs. 

Descr. All wal«ra found naturallj in the earth oontam more or 
less of saline matter ; but unless its qnantitj is so great as to ren- 
der them unfit for common domestic purposes, they are not called 
mineral wat«rs. 

Descr. The ingredients found in mineral waters, are the sul- 
phates of ammonia, soda, lime, magnesia, alumina, iron, zinc, and 
copper ; the nitrates of potassa, lime, and magnesia ; the chlorides 
of potassium, sodium, barium, calcium, magnesium, iron, and man- 
ganese ; the muriate of ammonia ; the oarhonates of potassa, soda, 
ammonia, lime, magnesia, alumina, and iron ; the silicate of iron j 
silica, strontia, lithia, iodine, bromine, and organic m&tter ; the 
phosphoric, fluoric, muriatic, sulphurous, sulphuric, boraeic, formic, 
acetic, carbonic, crenio, and apocrenic acids; also oxygen, nitro- 
gen, hydrogen, sulphuretted hydrogen, and carbureted hydrogen. 
Xlre^s Chemical Dictionary, article Water. See, also, Dr. Dau- 
beny's admirable R^xrrt to the British Association, on Mineral 
and Thertnal Waters, 1837, p. 14. 

Theory. Many of the above ingreflients are taken up into a state 
of solution from the strata through which the water percolates : 
others are produced by the chemical changes going on in the earth, 
by the aid of water and internal heat ; and others are evolved by 
the direct agency of volcanic heat. 

Salt Springs. 

Descr. The most important mineral springs in an economical 
point of view, are those which produce common salt. These are 
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called salines, or rather such is the name of the region through 
which the springs issue. They occur in various parts of the world ; 
and the water is extensively evaporated to obtain tahle salt. They 
contain also other salts ; nearly the same in fact as the ocean. 

Exam. Soma of these eprings contain lees, but ueQsIIy they contain more 
Bait, than the waiem of the ocean. Some of (lie Cheshire springs iii England 
yield 26 per cent. ; whereae Kea-water rarely containa more than 4 per cent. 
In the United States they oontain from 10 to 80 per cent. They are used in 
New York, Ohio, Virginia, Pennaylvania, niinoia, Michigan. Miasonri, Arkiin- 
saB, and Upper Oanada, 4S0 gallons of the water at fiooa's Liek in Missouri, 
yield a bushel of salt ; 300 gallons at Conemaugh, Peao. ; S80 at Sbawnee- 
towu, III.; 120 at St. Cutharme'a, U. C; 75 at Kenawha. Vir. ; 80 at Grand 
River, Arkansas; 60 at Muskingum, Ohio; and 41 to 46 at Onondaga, N, Y. ; 
SSO gallooa of sea-water yield a bushel at Nantaclcet. In [829, according to 
a Beport of the Seeretarj of the Treasury, 3,804,829 buahels of aalt were 
made in the United States. Since that time the quaatit? baa greatly in- 
creased. In 1841, no less Uian 8,340,769 bnsbels were made at the Onooda- 
ea SoriDgs in New York alone; and 3,000,000 bushels at the Kenawba 
n Virginia, in 1836. In all these places deep borings arc necessary, 
;b STeii as deep as 1,000 feet ; and usually the brine becomea stronger 

e deeper the excavatiiHi. Frofeisor BecUs Geological Report to the At- 
tembly of llTem York, 1838. See also Prof. W. B. Rogeri Report of thi Ge- 
ological Reconnoisaanee of the State of Virginia, 1 836. Hr. Hildreth's frat 
anitual Oeolegieal Report to the Legialaltire of Ohio, 1838 .■ alio his ArlinU 
on the Geology of Ohio, Am. Journal Seienee, vol. 29. Alao Mr. Koeter't 
Geological Report on Ohio, 1839; aitd Dr.Soughton' a Report on the Geology 
o/Mtehigan, 1838. 

Origin of Salt Springe. In many parts of Europe salt springs are found 
rising directly from beds of rock salt ; so tbat their origin is certiun ; but as 

Ei DO deposits of rock salt have been discovered in this country east of the 
cky Mountain^ except in Virginia; and Mr. Eaton baa suggested {Suniej/ 
of the Erie Caned Rocks, p. 110) that the ingredients only for Uie formation 
of the salt exist in (he saUferona rook, and are made to combine by chemical 
agencies, so that Ihe "Bater percolating through the atrata would tecorae im- 
pregnated. An English writer (Annals of Fhiloiophy, 1829,) auppoaea that 
the salt is intimately disseminated through the satiferous rook, having been 
left there by the ocean that deposited the strata. Most American geologists, 
however, still maintain that our salt springs proceed from beds of rook salt, 
depositeJ so deep in the earth that they have not yet been discoTered ; and 
the fact that the brine increases in strength by descending, gives strong sup- 

— ' '- "--a theory, which is confirmed by tt ■ -■■ ' — '- -" - " 

■of. Bsch's Report, 1838, p. 14. Tl 
ai-iably from the Silurian ro^ks. 
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Gas Springs., 

DescT, Carbonic aoid and carburetted hydrogen are the most 
abundant gases given off by springs. They sometimes escape from 
the soil around the springs, over a considerable extent of surface, 
and produce geological changes of some importance. Carbonic 
acid, for example, has the power of dissolving calcareous rocks, and 
of rendering oxide of iron soluble in water. It contributes power- 
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fully aIbo to the deoomposition of those rooks that contain felspar. 
Oarburetted hydrogen is sometiniea produced so abundantly from 
springs, that it is employed, as at Fredonia in New Tork, in sup 
plying a village with gas lights. At Kenawha, in Virginia, it is 
so abundant that it has been employed for boiling "down the salt 
water that is driven up by it with great force. In almost all the 
States west of New England, this gas rises from springs in greater 
or less abundance, generally from salt springs. 

Origin of these gaaea. Some of these gases, aa oarbonio acid, are given off 
moat Bbunanutly from springs \a the viciuity of volosnos; and in such a esse 
tJiere can be no question but the; are prodnoed by duoompasitions fiom vol- 
eanio hsat. When they proceed from thermal springs, there is a gooti deal 
of reason tor believing tiiat internal lieat may have produced them. But 
wiiere they rise from springs of tba common temperature, they must gener- 
ally be imputed to those chemiaal decompositions nn3 reGomposiCioDS that 
ofKn occur in the eart^ vithouC an elevated temperature. Although earbu- 
retted hydrogen may sometimes proceed from beds of coal, it may also pro- 
ceed from other forms of carbonaceous matter ; as from bitumen disseminated 
through the roets. 



'Results of the Oj>eraiion of the preceding Agencies since the Ter- 
tiary Period. 

Descr. By Surface Geology, — a phrase scarcely yet used in ge- 
ology, — is meant the geology of the Alluvial Period, and which is 
the result of all those agencies that have operated on the surface 
of the globe since the tertiary period. In the construction of 
maps, geologists have generally omitted most of these deposits, 
and represented the solid strata beneath. A map giving the exact 
Surface &eology of any considerable region I have not yet seen; 
save some recent attempts of my own, not yet published. I think 
the time near at hand when such maps will be demanded and exe- 
cuted. 

Descr. The observations of many years have satisfied me, in the 
first place, that the time since the deposition of the tertiary strata, 
is a good example of a single and uninterrupted geological period. 
Secondly, that Drift cannot be properly separated from alluvium, 
and made a distinct period, but as only the earliest results of 
causes still operating; and thirdly, that many deposits have been 
confounded with drift, that were the result of subsequent opera- 

Descr. In the third section of this work the alluvial period has 
been subdivided into four minor periods, which, however, run insen- 
sibly into one another, and one of which, the Historic, is not yet 
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completed. These subdivisions are a^ follows, beginning with the 
oldest : 

1. Drift. 

2. Beaches, Osars, Submarine Ridges, and Sea Bottoms. 



Rem. 1. Though I shall fallow thEBe dltisiona^in the following dsBcriptiana, 
they are not satisfactory, ami do not gice a full view of Alluvium. Thus tha 
drift agency 'Hd not cense till long after beaches begoo to be formed ; and 
same terraces are older than Bome beacbca ; while Uie former are still in the 
course of fomistJOD. Indeed, the iDtrodncfioa of man on the globe with the 
existing species of lower animals, does not seem to have heen connected witl 
Hay general and marked geological changes. 

Broi. 2. If we were to characterize alluvium by the priniapal ageneiea em- 
ployed in ita production, we might epeab of the Imberg Period and the 01a- 
cier Period. But though they have operated with very different degrees of 
intensity at different times, they seem never to have ceased to act since the 
close of the tertiary period up to the present hour, and therefore these pe- 
riods are strictly cuntemporaneous. 

Jiem. S. I ought perhaps to say, that most of the views which I sball pre- 
sent below, are peoulmr to myself, and have Iteen the final result of more 
tbnu thirty years' study of tbe drift deposit in North America, and of three 
or four years' study of beaches and terraces, both in this country aud Eu- 
rope. These views differ considerably from those advanced in former edi- 
ti<His of this work, and liave been gradually forced upon me by the facts tliat 
have fallen under my notice. It would be strange if on bo difficult aubjeots, 
which have long perplexed the ablest geologists, I should not commit some 
mistakes, and possibly I raaj he seriously erruaeous. I can only refer for 
the detailed proofe of my opinions to & manuscript paper on Terraces aud 
Ancient Besones, which I hope ere long to offer to tbe Smithsonian Inatita- 



1. Drift. 

Descr. In Section III. Drift has been described as a miiture 
of abraded materials, suck as bonlders, gravel, and sand, blended 
confusedly together, and piled up by some mechanical force that 
has pushed it along over the surface. Tet in some places the ma- 
terials are somewhat stratified and laminated, as if oy water. In 
other eases we find more or less of an alternation of finer mate- 
rials, such as sand and gravel, with the coarser nnstratified accu- 
mulations mentioned above. 

Descr. Coarse drift usually lies immediately upon the subjacent 
rock, either tertiary, secondary, or hypozoio, though sometimes de- 
posits of clay or sand intervene. Upward it is usually succeeded 
by regular stratified deposits of the same materials, which have 
been reduced to a finer state, sorted into finer or coarser layers, 
and deposited in mote and more delicate layers as we ascend. 
These deposits, mainly horizontal, may be called Modified Ihifts. 
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Ran. Modified drift, tor the most part, lias been confounded with that 
which is unmodified. Hod the whole is called by most geological mritei's, the 
IMft Deposit. But this mixing togethev of deposits formed at widely differ- 



ifiode, and b; agenciee modified at least, and sometimes quite diBer- 
eiiD, uas IwcQ ft fruitful source of Confusion and miBuppvehension on this most 
difficult subject, 

DescT. Drift is easily distinguished from the subjacent tertiary 
strata, bj superposition, by the maris of much more powerful me- 
ohanical agency in its production, and by the absence of organic 
remains; for probably in all cases wbero organic remains have 
been reported in drift, they have been derived from modified drift. 

Descr. We can see from the preceding remarks, that it is not 
easy to say precisely where is the line between drift and modified 
drift; but it is easy to distinguish between the coarse irregular 
beds of boulders, gravel, and sand, lying immediately upon the 
older rock, and the fine stratified deposits of clay, sand, and loam, 
that lie much higher and frecjuently form the banks of rivers. 
We can see that the latter have been produced from the former by 
the comminuting, sorting, and re-depositing power of water, as the 
chief, agent ; whereas we can hardly account for the formation of 
the coarse drift without the aid of ice in some form. 

Dupersion of Drift. 

Descr. It is a characteristic of drift, by which it is distinguished 
from disintegrated rock, that it has been removed from its original 
jKisition, it may be only a few rods, but more often a great many 
miles. And by the boulders and trains of gravel and sand which 
it has left along the way, we can trace it back to its origin, 

Descr. In the dispersion of drift we find the evidence of two 
distinct phases of action, which may, however, have been the result 
of the same general cause, operating in different circumstances. 
In the first case, the drift has been carried outward from the sum- 
mits and ases of particular mountains, and spread over the neigh- 
boring plains. 

Exam. 1. The best example of this mode of dispersion exists in the Alps. 
Tlie boulders there have usually been carried down the vullejs, and the^ ex- 
ist in tlie greatest abundance opposite the lower openiDg of those vallevB. 
This shows that the valleys existed wlien the dispersion toofc place. Yet 
Elie de Beaumont seems to have ebown that the Alps have cxperienoed very 
gie&t vertical movements since that period. 

Exam. 2. Several similar instaniKS have recently been pointed oat by Dr. 
Bucltland and Mr. Lyell as existing among the mountains of Scotland and 
the north of England, whose details eannot here be given. Proeeedingt of 
the (I'eol. Soe. Land., No. 73, Nov. and Dee. 1840. 

Exam. Z. Kozet describes the plain of Metidja, south of Algiers, as covered 
in its northern parts by boulder.^ derived from a long ohain ot hills ranoiog 
^loug its uorUiern boi'der ; while its Bouthern part is strewed ovar by boul- 
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ders from tlie Atlas cbain, irbicb Btret<:hes along its Boutliera Jxirder. ?Vat(« 
Mltmenlaire de Qiologie. p. 269. 

Sxam. i. ScandiuaTiais DOW generally admitted to affordanotberexnmple 
of B centre of dispersion for drift. In a Bouth-weat direction, we Sad Norwe^ 
elan delritoe on the shores of Yorkshire in England, and \a Deninnrk 
Southerly, we find it in Prussia. In Ruasia towards the Ural Mountains it 
came from the north-west and west ; and m Russian Lspland, from the south, 
accordiug to the observations of M. Buhtlingk, JTuroAison's Geology of 
Russin, voL 1, p. B27. 

Descr. In the second phase of this action the force seems to 
have operated on a wider scale, having driven tlie materials south- 
erly, or south-easterly, over all the northern part of the American 
continent, and oyer a part of Europe. There may, indeed, be a 
general centre of dispersion on this continent, as on the eastern; 
but if so, it is situated so far to the north that it baa not been, and 
perhaps never can be discovered. Not improbably, also, it will be 
found, that while the whola country north of Pennsylvania, has 
been swept over by the drift agency, some of our highest monntains 
may have formed subordinate points or axes of dispersion, from 
which the detritus was carried escentrically by glaciers. Indeed, 
the account given on a previous page of ancient glaciers in Massa- 
chusetts, makes it probable that the Green and Hoosac Mountain 
range constituted such an axis of dispersion. The White Moun- 
tains and the Mountains of Essex in New York, will probably be 
found to have constituted other centres of drift radiation. But 
this kind of drift differs from the deposit generally, wiiich seems 
the result of the combined action of ice and water. 

Proof. To begin with the American continent at the north- 
easterly point where observations to be depended upon have been 
made; we findtbat the boulders spread over the southern part of 
Nova Scotia were derived, according to Sir Alexander Coke and 
Messrs. Jackson and Alger, from the ledges in the northern part 
of the province. Trans. Amer. Acad. vol. 1, New Series, p. 303. 
Tlirough the whole extent of Maine, the evidence is very striking 
of the southerly transport of the drift, the course being usually a 
few degrees east of south. And transported boulders are even 
found towards the summit of Mount Katahdn, which is 5,300 feet 
high. Dr Jackson's First and Second Reports on the Geology 
of Maine, 1837 and 1838. Also his Second Report on the Public 
Lands of Maine and Massachusetts, p. 16. 

Descr. In Massachusetts, the direction taken by the drift, :is 
shown by a multitude of examples, varied from north and soutli to 
north-west and south-east ; the most usual course being a few de- 
grees a t f th Tl urse carried the current very ob- 
liquely a s m st f th p ipitous ridges of mountains in the 
state ne th 1 s th b ulde s held on in the general direction 
with rema kabl uu f m ty The largest blocks usually lie near- 
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tat to the bed from which thej were derived, and they continue to 
decrease in size and quantity, in a, south-easterly direction, for the 
distance of seyera,I niiles; sometimes as many aa 50 or 60; and 
not unfrequently even 100 miles, though usually the sea coast is 
reached short of that distance. But often "boulders from the con- 
tinent are common upon the islaoda many miles distant from the 
coast; as on Nantucket, Martha's Vineyard, and Long Island. 
In the western part of Massachusetts the mountains are from 1 ,000 
to 3,000 feet high; yet vast quantities of boulders hare been 
carried over these precipitous ridges, and hoth slopes are covered 
with them ; the largest heing upon the northern side. Final re- 
port on the Geology of Massachasetts, p. 379. See also Plate 53 
(f that work ; lohere the course of the drift is marked. Also 
American Biblical Repository, vol. 10, p; 338. On Long Island 
the drift corresponds to the rocks on the continent ; those of differ- 
ent kinds always lying south of the ledges from which they were 
derived. Pn^. Marker's first annual Beport onthefirU Geologi- 
cal District of New York, p. 88, 1837. lu the eastern part of 
New York, the course was south-easterly ; as in the westeru part of 
Massachusetts. But towards the western parts of the State, its 
general course appears sometimes to have been west of south. 
Mr. Hall's seitond annual Report on the Fourth Geological Dis- 
trict of Ifeuf York, p. 308. In the south-easterly part of the State, 
bordering on Pennsylvania and New Jersey, its direction varied 
from south several degrees west, to south-east; and near the city 
of New York the course was N. W. and S. E. American Journal 
of Science, voL 23, p. 243. And vol. 16, p. 357. Also Prof 
Gales' Report for 1839 upon the Geology of the First District. 
In the fossiliferous region of western New York, and in the States 
south of the western lakes, great numhers of houlders of hypozoio 
rocks are Strewed over the surface, significantly called lost rocks. 
These have heen satisfactorily traced to the beds from which they 
were derived in the west part of Michigan and on the north side 
of the lakes in Upper Canada. See the papas of the Messrs. Lap- 
ham in vol. 22, and of Dr. Hildreth in vol. 29, of American 
Journal of Science. Also the Geological Reports on the States of 
Ohio and Michigan. 

Descr. Prof. D. Owen describes the drift of Iowa as carried 
from the north-west to the south-west. Repeat of a Geol. Survey 
of Ibwa, Wisconsin, ^., vol. 1, p. 144 Philadelphia, 1852. 

Descr. In 1843 I published in the Transactions- of the Ameri- 
can Association of Gdbiogista and Naturalists, a Map of the course 
of the Boulders and Strise in North America. In 1851 Dr. 
Bigsbj reproduced these delineations, greatly extended hy the ob- 
servations of Prof Hall and his own, in New York and Canada. 
{Quarterly Journal of Geology for August, 1851,p.213.) While 
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this Map shows that the general course of the drift has been 
southerly, or rather south-easterly, it eshihits many eseeptions. 
The most northerly and westerly point where the direction of the 
boulders is given, is around the Lake of the Woods, in lat. 49, 
and Ion. 95° ; and there it ia nearly south. Around and north of 
Lake Huron, the course is north, a little easterly, though green- 
stone boulders are represented as having gone from the nortn-east 
shore of Huron to the west end of Erie in a south-westerly direc- 
tion. The same is true of the same rock, carried up the valley of 
the St. Lawrence from Montreal to Niagara Falls. In all other 
parts of Canada, the direction is nearly south. 

Descr. In the region around Lake Superior, especially its 
southern shore, according to the Report of Foster and Whitney in 
1851, {part 2, p. 244,) the boulders have been driven in a nearly 
south-west direction, and the strias on the rocks correspond. 

Descr. According to, Mr. GaAm, {American Jour, of Science, 
vol. 38, p. 143,) vast quantities of boulders of primary rooks " are 
strewed over the great valley of the Missouri and Mississippi, 
from the Yellow Stone almost to the Gulf of Mexico," which have 
been drifted thither from the north-west. At the Ked Pipe Stone 
quarry on the Coteau des Prairies, which is several hundred miles 
west of Lake Superior, he describes five granite boulders, from 15 
to 25 feet in diameter, which he supposes must have been drifted 
several hundred miles from the north. 

Descr. The distance to which boulders have been driven south- 
easterly from their native beds in our country, has not been very 
satisfactorily determined. In New England they have been traced 
rarely more than 100 to 200 miles; but in the western States 
they are strewed over a greater distance. I am informed by the 

fentleman engaged in the geological surveys of those States, that 
ypozoic boulders are rarely found south of the river Ohio ; but 
they are strewed over almost every part of Ohio and Michigan. 
Now the hypozoic rocks from which they have been derived, ara 
found on the north side of the great lakes. This would make 
their longest transit between 400 and 600 miles. 

Descr. In passing to the eastern continent, we find, as already 
stated, that on the eastern coast of England, the drift came from 
Scandinavia and from Scotland. On the west side of England, 
the boulders were carried from the north-west to the south-east. 
The dispersion of blocks from several local centres, as Wales, 
Ben Cruachen, and Ben Nime, seems to be independent of that 
more general force, apparently marine, that swept southeasterly 
9ver the whole island, and also over Ireland. Even on the shore 
of the ocean at Oban, in the Highlands of Scotland, just at the 
point where Mr, Hopkins has marked a train of glacier blocks, or 
moraines from Ben Cruachen, I found, in 1850, distinct striaa 
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running S. 50° to 60" E., and N, 50= to 60° W"; which do not 
point to the mountain. I found similar atrise, xiOO feet higher oo 
the hills around Oban, having the- sanae direction, and they must 
havebeenthereaultofthatgeneralforee that swept over the country. 

Descr. The drift of SoandinaTia and the Alps, which seems to 
have been partly marine and partly terrestrial, has already been 
described. It reaches aa far east as the Uralian mountains only 
in one or two places; and the vast region of Siberia is said to be 
free from it; because, probably, it was above the ocean during the 
drift period, and the climate was too warm for glaciers. 

Descr. An interesting example of the dispersion of boulders in 
a southerly direction in Northern Syria, is given by Mr. Beadle, 
American Missionary in that country. On the coast 60 or 70 
miles north of Beyroot, he " reached a volcanic region with a re- 
markable locality of greenstone. The pebbles from this locality 
are scattered the whole distance to Beyroot. At that place they 
are quite small, but gradually increase in size as jou advance to 
the north, and terminate entirely in this locality." Missionary 
Seraldfor May, 1841, p. 206, This is an important fact; be- 
cause it proves the occurrence of drift action on the Asiatic conti- 
nent much fiirtber sOuth (about 32" N. lat) than had been before 
pointed out; anless it be upon the Himalaya Mountains. 

Descr. Ascording to Mr. Darwin, the equatorial regions of 
South America, especially the vast plains in its eastern parts, pre- 
sent few or no esaniples of transported boulders or erratics. But 
beyond 41" South latitude, Mid near the Cordilleras, they show 
themselves in Chili and Patagonia, where they seem to have 
travelled in an easterly and westerly direction, by the agency, as 
Mr. Darwin supposes, of glaciers and icebergs. Sir Eobert 
Sehomberg has also described enormous far transported blocks in 
British Guiana. Murchtson's Geology of Russia, vfA. I, p. 651. 
Prof Studer states that in the hill country at the foot of the 
Himmalaya mountains, erratic boulders occur. Am. Jowr. Sd., 
vol. 36, p. 330. " Close along the foot of these mountains," says 
Capt. Strachey, " we find the soil to be everywhere composed of 
deposits of boulders and gravel," which, however, scarcely extend 
&s far as 30 miles into the plains. Quarterly Geol. Journal, Nov. 
1851, p. 294. This detritus maybe all the result of glaciers. 
Snch may be also the origin of similar aoeuraulatious in the moun- 
tains south of Algiers in Africa, as described by Rozet, and already 
referred to. 

Size and Amount of Erratic Boulders. 

Descr. Frequently the surface is almost entirely ooTered for 
many square miles with large transported blocks of stone, which 
are but little rounded. 
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IlhiS. One can liai'dly pass over any of tiie tiilly parts of New England 
without meeting with mora or less of these blooka. Perhaps the west part 
of Cape Ann in MiiasiuJiuBatts, exhibit; them in as grent nbuQd]inae ns nn; 
pliice. Fig, lli will give some idea of a landscape near Sqiiam in GJloo.ees- 
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DeSGr. The size of single 
block out of which was hp vn a pedestal for the statue of Peter the 
Great, weighed 1,500 t"i.s. The Needle MouDtain in Dauphiny, 
said to be a boulder, i', 1,000 paoes in oiroumference at the hot 
torn, and 2,000 at the top. Near Noufchatel is a block of granite 
40 feet high, 50 feet long, and 20 broad, which weighs 3,800,000 
pounds Thehlok ailed Pie e^ M t' o nt ' lO'^gecubie 
"■'"'" s the block called Pv. re k Bot contain- 
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ing 40,000 eubio feet, near Nenfchatol on the Jura. It has been 
traDsported from near Martigny, more than 60 miles, aeroaa the 
great yalley of Switzerland. Geological Observer, p, 277. Green- 
ouqh's Geology, V. t31. Prot Forbes describes another boulder 
in the Alps 100 feet long, and 40 to 50 feet high; alao another 62 
feet in diameter, containing 244,000 cubic feet. Am. Jour. Sci., 
vol. 36, p. 184. The rock in Horeb, from which according to 
monkish tradition, Moses miraculously drew water, is a block of 
granite, six jards square, and contains 5,823 cubic feet, lying in 
the plain near Mount Sinai, from which it was probably detached. 
This, however, has not probably been removed except by gravity. 
Greenough, p. 127. In this country boulders occur of equal dimen- 
sions. Thus, on Cape Ann and its vicinity, I have not unfre- 
quently met with blocks of syenite not less than 30 feet in diame- 
ter; and in the south-east part of Bradford I noticed one 30 feet 
square, which contains 27,000 cubic feet, and weighs not less than 
2,310 tons. In the west part of Sandwich on Cape Cod, I have 
seen many boulders of granitic gneiss, 20 feet in diameter, which 
contain 8,000 cubic feet, and weigh as much as 680 tons. Two 
sandstone boulders of the same size lie a few rods distant from 
the meeting-house in Norton, in Dr. Bates' garden. A granite 
boulder of equal dimensiona lies about half a mile south-east of the 
meetinghouse in Warwick ; and one of similar dimensions lies on 
the western slope of Hoosac mountain in the north-east part of 
Adams, at least 1,000 feet above the valley over which it must 
have been transported. One of granite lies at the foot of the cliffe 
at Gay Head on Martha's Vineyard, which is 90 feet in circum- 
ference, and weighs 1,447 tons. In Winchester, New Hampshire, 
I recently met with a block of granite 86 feet in circumference. 
It is near the road leading to Richmond. I noticed another 
in Antrim in that State 150 feet in horizontal circumference. 
Finally, at Fall River was a boulder of conglomerate, which origin- 
ally weighed 5,400 tons or 10,800,000 pounds. 

Smoothed, Striated, and Furrowed Rocks in Flam. 

Descr. One of the most remarkable effects of drift action, is tha 
smoothing, rounding, scratching, and furrowing of the surface of 
rocks in place. 

Rem. 1. Although this ia a very common phenomena, espeeiallj in tha 
Unitad States, yut until within a few jeara, aoaroely any example had been 

einted out by geologists; a proof of the little careful attention that had 
en given to the phenomena of drift. The following examples ate only a 
selected few, oat of the multitudes which have heen ohserved in thla coun- 
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direction of the cleavage planes, or the planea of 9tratiii<»tioii, bj the uneqtul 
diaeategration of the harder miil softer parts; nor with the hirrowB between 
the veinB of segr^tion, produced in the same manner; nur with ripple 
marks. In fine, it is beat not lo consider any case aa of deeided glacial ori- 
gin, unless the grooves cross the planes of cleavage and stratification at a 
considerable angle. Such are all the cases mentioned below. 

Meant, In the stato of Maine is a good deal of slutj i-ock, ofteu standing 
npon its edges, tJmt admirably resists atmospheric agencies , and hence it 

E resents a tiiultitude of examples of well-marked sti'i^. Around the city of 
ortland, they are very abundant and very distinct; having a direction N. 
10" to 16" W., and S, 10° to 16° E. Farther east, as at Hope and Apple- 
ton, thej run nearly N. Vf. aud S. R, and some of them are a foot in depth, 
and six inches wide. Firtl Report on the Geology of Maine, p. fiB. In other 
parts of fJie State, tbe direction is nearly nai-th and south, or even inclining 
afewdegreea to the N.E.anda W. Second Report on the Geology of Midae, 

S. 91. In the eastern part of Maa5aeiiusetta and Rhode Island I tuiglit name 
fty plaoes where the striie are obvious and distinct. In Essex County, Mass., 
they are very frequent on the hard syenite rooks; though often these are 
merely emocithed, aiid sometiniea almost polislted. 'lliey are visible on the 
gneiss at tbe top of the Waehusett mountuin, the highest in tbe eastern part 
of Maasaoiiusetts; being 2,000 feet above the ocean, ITie precipitous hilU 
and the lower grounds of the valley of Connecticut river, Sro covered with 
them ; and here as well as in Dearly alt the eaatern part of the State, their 
direction is nearly north and south, usually, however, inclining a few d^rees 
to the east of south, and west of north, aud very rarely the other way. The 
high mountaina west of Connecticut river, embracing the Hooaao and Taconio 
ranges, some points of which rise 3,500 feet above the ocean, exhibit very 
nauierous eiamplea of the smoothing and furrowing effect of this supposed 
glacial agency. Oraylock, the highest point in Massachusetts, is so covered 
with soil and trees, that the rocka are very rarely seen ; but on that spur of 
the mountain called Bald Mountain, whose top is a few hundred feet below 
Qi'aylock, the aoratcbes are obvious, as they are also on the north east side 
of the mountain. The high conical mountain in the town of Mount Washing- 
ton, (called Mt. Everett,) which is 3,600 feet above the ocean, has been worn 
over its whole aurface, and the striie are still visible in many places ; although 
the rodi haa been so long exposed naked to atjnoaphoric decomposing agen- 
cies. Similiir markings are manifeat on the tup of Tom Sail, a high moun- 
tain m Alford, and they may be seen throughout the whole extent of the Ta- 
conio rouge, which on ita west aide is very precipitoua. A large proportion 
of theae groovea run N. W. and S. E., but some of them approach nearer to a 
comcidence with the meridian. The rock is mica and talcose alate, and in 
aome instances is laid bare for a great distance, so as to ahow the smoothing 
and furrowing of ita surface over a large extent. Indeed, one cannot atand 
upon theae lotty and precipitous ridgca, and witncsa thia phenomenon, with- 
out being struck with the great power and extent of the agency that lias thus 
left ita tiaces upon some of the most elevated spots in Hew England. Be- 
tween these mountains and Hudson river the rook is crosaed by markings 
running N.W, and S. E. Near the city of New York, aeoordiog to Prof. Gale, 
they run in the same direction. Id the western part of New York, they are 
numerous, and they run sometimes S, S. W. and N, N. E. They are common 
alao upon the mountaina of Pennsylvania ; and also in Ohio, Michigan, and 
Illinoia, where their most usual course ia from N. W. to S. E. 

The hard gray limestone in the vicinity of Rochester and Buftalo in New 
York, and on the banks of the St. Xawrence, as well as in Otdo, is often 
imoothed and polished by this agency almost like marble. Am. Jour. Sei- 
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tnet, Tol. izzvii^ p. S4D, and vol. xxxt.. p. 191. Alio, Beportt on (A* JVmt 
Tork Geological Survey 

Mount Mooadnoe in New Hampshire, 8,260 feet liigh, is liltle else than a 
naked mass of mica elate of a peculiar character, almost destitute of atratifi- 
cation. And from top to bottom it haa been scarified oa its northern and 
weatero sides. On its lower parts, especially on tbe eouth-weat side, the 
atriie ran about N. W. and S. E. bj the magnetio needle ; as they do in the 
couutcj aroucd the mountain ; but when we approach its top, the course 
ohoDges to N. 10° W. and S. 10" E, Other striie are seen here on steeper 
slopes, both northern and southern, than I have found elsewhere. Deep fur- 
Taws are also met with here, and Bome other peculiar phenomena connected 
with glacial action, which will be described farther on. 

In the White Mountains of New Hampshire, I have discovered an exam- 
ple of strife with other drift phenomena, at the height of nearly 6,000 feet 
above the ocean, on the southern elope of Mount Pleasant, nearly at the 
highest point, indeed, where there is any rock in place ; uH the peaks being 
broken into a multitude of fragmenta by frost. These atrite run N. SO" W_ 
and S. 80° R 

Fig. 176 will convey some idea of a surfece of rock which hps been smoothed 
and striated in the manner that has been described. The lines running in 
the direction a a, show the divisions of the atr&ta : those running in the direc- 
tion b b, show the atriie; which are perfectly parallel to one another. This 
figure was copied from a rook of gneiss in Billerica in Massaohueetta, on the 
turnpike ironi Boston to Lowell, near the eixteenth milestone from Boston. 
Thousands of sin 1. 




Descr. Sometimes we find two or more sets of striae <:ros3ing 
one another at a small angle, the lines of each set preserving their 
parallelism very perfectly. Fig. 177 shows one of these cases cop- 
ied from mica slate near the crest of Monadnoc, several hundred 
feet below the summit. The two sets intersect at an angle of 10°. 
An interesting' example is also described by Prof Locke, with a 
drawing as occurring in the S. W. part of Ohio, where the strise 
run 8. 26= E., and N. 26° W. Second Report on the Gmlagy 
of Ohio, p. 230. 

Descr. On tl^ eastern continent these strise and fnrrows are 
exactly of the same character as in our country ; although leas 
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common in Great Britain than in New England ; partly on ao- 
count of the natare of the rocks, whiek are unfavorable to their 
preBervation. Hence, until recently, they have been more fully 
described by American than English geologists. 

Sfiffr. lu Scotland huwever, they were noticed long ago, bj Sir Jamea 
Hull, on greenstone and other i-oe1^, hnriag a directioa N, W, aad S. K A 
thiiilar case ie mentioned in North Wales, and in the Brora coal region of 
SfOtlnnd, where they run N. N. W. and S. 8, E. Dr. Butkland liaB pointed 
out several examplee in that countrj, which he auppoees resulted from 
the descent of ancient glaeiers from the mountains. 1'beir general coune 
is N. N. E. and S. S. W. " Monsleor Sefitrom," aaya the dietinguished Ber- 
zelin;, "has found that the north-eaat parts of the mountaitie of Sweden, 
are, thvnu^hout rounded and worn frnm the buse to the summit, so aa to 
resemble at a diatance, sucks of wool piled upon each other. The aontb-west 
Bides of these mountains present almost fresh fra^ur«s of the rocks with 
their angles rounded little or none. Still further eB-'t in Northern Russia, 
the stritB have a direction N. W. and 8. E. or N. N. W, and S. S. E, rorre- 
Sponding to the oonrse lakep bj thebouldere; and in one instance these bouU 
ders have been traced to their uatire bed 600 miles distant. Mttrckiaoa and 
Va-neuil on tie Geologienl Siructurt of the Northern and Central Regiani 
of Ratsia in Europe, p. !3. Lond. 1841. 



Fig. 177. 




BescT. A careful examination jf tht, mountains of New Eag 
land shows that their northi,m and north western sidei, like tbo'*e 
in Sweden, are worn and rounded throughout An interesting 
example is Monadnoc in New Hampshire, whmh is the more 
Striking, because it is mostly naked rook. The surface of tie 
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mountain is very uneven ; btit the protuberances are nearly all 
rounded, and few are left angular, escept on the south-eastern 
side. The asia of the intervening hollows usually corresponds 
nearly to the direction of the strise ; so that the surface appears 
like the swell of the ocean after a storm. Seen in a certain direc- 
tion these swells appear like domes. Fig. 178 will give some 
idea of a spot on the south-west part of this mountain about five rods 
square, this appearance corresponds precisely with that in the Alps, 
denominated by Saussure roches niouionnees, produced by glaciers. 

Descr. When rooks or mountains have been thus acted upon, 
we can easily see which side has been struck by the denuding force, 
because that side is rounded or embossed. In Sweden this is 
called the stoss., or struck side. The otlier ss called the fee side. 

Inf. If we find embossed rocks and the strife are all obliterated, 
we can, by the above principles, determine the direction of the 
force by which they have been rounded; because we can ascertain 
which is the Uos$, and which the fee side. 

Rem. 1 . The strise on rocks are obliterated with comparative 
ease ; but the embossed rocks can hardly lose their form by the 
ordinary natural agents ; because those act on the whole surface 
almost equally. Hence the charaeters of these rocks (and they 
occur almost everywhere in the northern parts of our country) 
should be studied with care by the young geologist. 

Rem,. 2. I fomid that long familiarity with \' 
description in our country, was of great servic 
out the former great extent of glaciers in the mi 
Wales and Switzerland. For I could see how high upon the sides 
of those valleys the glaciers once extended ; that is, as high as I 
could see the embossed rocks. Above that line the rocks were 
jagged and pointed. I recollect particularly how striking this 
distinction was in the Pass of Uanbevis in Wales, and along the 
Tete Noir Pass in the Alps. And I have since found this phe- 
nomenon » safe guide in determining through what valleys on the 
flanks of the Hoosac and Green Mountwns glaciers once passed, 
and in which direction. 
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Fig. HG shows similai' umbossad rofka near tbe top of the WLite Monn- 
tjuna in New Hampshire, near the peak called Mount Washiugton. It is the 
higheet spot oti those mouniiaina where the rook ie in pltioe ; fcing 6,000 feet 
ftboTe the ocean. The nekfc rises 1.200 feet higher ; but the surface of the 
rook is entirely broken into fragments by frost. The loose fragmante on the 
drawiDg are bouldera. 

11* 
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insuHti-d hue i icke of gratnato f lesembliag the B'u?kB ot nool dese ibed 
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Descr Sometime' initpal of atrii? we find tbi, •soma t fa 
moimf am ploughe 1 into depp funowi whi h enlaigo 'iu is t) toim 
deep parallel Tilleys 

Exam, riie moat remarkable example of tliis kind that I linoiv of, is the 
summit of Mount Holyobe, mentioned iibnve. Tliia ia a narrow, very preaip- 
itous ridge of gceejiatoQB, rising f 00 or 800 feet above the valley of the Oou- 
aeotiout, and lying i" the cm'vilinear dii'eotion ehowti on Fig. 181, where the 

Fi^' 181 
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line S S repreaenta the meridinQ, and oorrespoada to (he diri-otion taken 
there by the drift, which efruck the mountain from the oortb. L'n that aide 
the mountain ia a, neurly perpendicular wall of rock. Yet the aummlt is 
icteTaeottd by numeione grooves and veMeja in the direction of the lines A, 
A, A. A, N^ S, from a few mchea to aeveral hundred feet deep. And not only 
do we see the marts of abrasion in the bottoms and on the sides of iheee val- 
leys, but the fact that thej preserve tieir parallelism so perfectly, although 
the mouDtain curves so much, shows that they were produced by eomo 
Hhradiug agency rather than by the original structure or elevation of the 
mountain. For had they resulted from the latter causes, we might expect 
Ihem to change their course to the lines B, B, B, as the mountain eontJn- 

Inf. 1, These furrows and valleys must be imputed to the joint 
action of ice and water. If water alone were concerned, the val- 
leys could not have so nearly preserved their parallelism. Indeed, 
unless tiie large valley around the mountain had been filled with 
ice, it ia difficult to see how streams of water could have flowed 
over its summit so as to produce these valleys. Ice alone, moving 
over the top, might have begun the work, (and this would explain 
the parallelism of the valleys,) but could not have made so deep 
erosions without wearing dowu the intervening ridges. Moreover, 
these furrows and valleys correspond well to the joint action of 
glaciers and water iu the Alps, and there they are called lapiaz or 
la/piz. See Etitdes sur les Glaciers. 

Inf. 2. It appears that in ail cases the strise, furrows and val- 
leys, that have been described upon the surface of rocks, corre- 
spond in direction to the course taken by the drift, and thus the 
two classes of phenomena are proved to have resulted from the 
same general cause. 

Ikscr. The strise are rarely met wiUi tw pure limestone, on ac- 
count of its great liability to disintegration. Most of the coarse 
granites and conglomerates, as well as gneiss, are bo much decom- 
posed at the surface, as to have lost ail traces of these markings. 
Greenstone, syenite, and porphyry, are frequently rounded and 
smoothed; but the markings are usually faint oa account of their 
great hardness. Upon the whole, the upturned and smoothed 
ledges of talcose, micaceous, and argillaceous slates, retain these 
markings most distinctly. -Bat where the soil has been removed, 
almost every rock presents them to view. And were the rocks of 
New England to be entirely laid bare, I cannot doubt but a third 
of the surface would show marks of this scarification. 

Transport of Drift from Lower to Higher Levels. 

Prin. In some instances the drift has been transported from 
lower to higher levels. 

pToof I. Oq the northern slopes of mountains the striie not un&eq^ueatlr 
pais from the top to the bottom without essentially chan^ng their parallel- 
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i«m. This is Che emo od Mauot Moaaddioc in New Hampehire, where tha 
smoothed md atriated Burfaoe is aometimes inclinBd northerly as inudh as 
BO" or 60°. In this case the angular roeka are rounded on the Qorthiiru, but 
not on the southern slope, except slightlr ; and this shows that the work was 
done by an aBcecding and not a descending body. Near the summit of that 
mountain, however, striie are Been on qmt« steep southerly slopes. But this 
is an nnnanal case. On the west aide of Taeonie and Hoosoc mountains in 
Maseachnaetts, the atriffi may be seen sometimea, commeaeing acTerkl hnn- 
dreil feet below the top; and all the drift in that region haa beea carried 
soulh-easterly ; which proves the force produdng the abi-asion to have been 
upwards. J'Tnai Jieport on, tfte Otology of JUassackusftti, voL 2, p. 393. A 
similar case occurs in Russia. MurelUsan-erid Verji^ml on Ihe GeoL of Bus- 
tia, p. la. 2. Boulders are found transferred fp<an a lower to a higher level. 
For exampla : the quartz rock of Berksbii'e oounty haa been strewed all over 
the top of Hoosao inonntatn, which must be at least several hundred feet 
above any 3edge of qnnrtz, from ivViieli the boulders could have been de- 
riveil; and the Silurian roeka of New Yoik have been carried over Taeonie 
mountain and lodged upon the Highlands in New York, as well aa upon 
Hooaae nMuutain, 

Ledges of Rocks fr(ictured hij Glaciai Action. 

Deter. In several instances I have foiiud the perpendicular strata of slaty 
rocks brrJien and partially knocked over, near the summit of hills, to the 
ilepth of ten or fifteen feet, ao aa 1<> produce horizontal fissures of several 
inriieB wide; and I cannot doubt but tliey are the result of glamal agency. 
Kg. 182 will give an idea of one of theae caaes, in a quarry of clay slate, in 



Fig, 1B2, 




rushed the top oi' we- 1- 
I'ds the west. Ano'h«r 
n Middlefield, in Massachusette, in hornblende slate, and the spot is 
Botered by twenty feet of drift. J'inal Jieport on the Oeol. Mast., p. 3B«, 
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vol, S. It waa brought to light bj an Bioavatiod for the weatero railroad. 
The force to produoe such an effect luuat have been prodwoue. 

Deser. A third ease occurs in Lowell, aad is described in the TransactiooB 
of the Assodatioa of Ameri<ian Qeologista, vol 1, p. 209. Prof. O. B. Adams 
has, also, discoTered ^-imilar eases ia tlie slate of Dummerston, Vermoot. 
See/md Annttid Report an the Geoiogg of Vermont, p, ISl. Analogous cases 
have been given by Mr. Charles Darwin, aa oeoiirriog in Scotland, which he 
refei's to the action of icebei-gs, lifoed up and down by the tides; and we 
might add, hy the waves. This theory' seems very plausible, and is certainly 
the beat that has been proposed. New FhU. Jour.. Oct. 1842, p. 368. 

Descr. In 1850 I visited tiie slate quarries at Lknberis in 
Wales, and found in several of them, which were more than 1,200 
feet above the ooeaa, striking examples of this crushing action 
upon the layers. At the highest cjuarry, 1,980 feet aS>ve the 
ocean by my aneroid barometer, a ditch was cut across the layers 
of slate, 20 rods long, and the layers the whole dLstanoe to the 
depth of froni 1 to 20 feet, are knocked over by a force directed 
down the hill. Now, since there are unequivocal evidences at a 
lower level, that a glacier once desoeiiiied this valley in the «ame 
direction, I cannot doubt that this was the agency that fractured 
and bent the slate. An iceberg, if it could have acted on so steep 
a hill, would have bent the layers in the opposite direction. I was 
told by my guide, that on the opposite side of the valley such is 
the fact; but this is uncertain. Though Mr. Darwin's explanation 
of this phenomenon may apply to other localities, I think it fails 

2'rains of Blocks not Rounded, 

DescT, Another very reinarfcable series of facts, evidently the result of the 
drift agency, has lately been brought to light in New England, It ooosiatB 
of traina of large fragroentB of rock, not at all rounded, jet streaming off in 
the direction in which the drift agency operated, in a Btraigbt line from the 
eminence from which they were broken. The first case of this kind was first 
noticed by Dr, S, Keid, in Berkshire County, Massachusetts, and described 
\ij the author of this work, in Amer. Jour. Set., vol 49, p, 2B8, The moun- 
tain from which the blocks of bard lalcose slate have been torn oS, lies ia 
Canaan, New York -, and from tbence they lie in trains, running lor a few 
miles S. SG" K, and then dianging to S. 31° E , and cEtending yet farther, 
making in the whole distance npt less than 15 or 20 oiiles; at least one of 
them extends that dist^nM, parsing obliquely over mountain ridges some 
600 or 800 feet high. Its width is not more than 30 or 40 rods. The blocks 
are of all sizes, from two or three feet in diameter to those containmg 16,000 
cubic feet, and weighing nearly 1,400 tons; and in some places they ^most 
cover the surface. The trains lie upon the surface of the common drift, and 
are not raised with it. An anali^iiua case has lately been described by f roE 
0. B. Adams, In Huntingdon, Vermont. Seeoiid An. Report on Qtol. of Ver- 
mont, p. 128. 

Inf. I. These bloeka must have been scattered as one of the latest result* 
of the drift agency. 2. Water aloue could not have done it. 3. It was 
probably the' result of water and ice. 4. But the precise tnaoner in whkli 
ibis •.•■^•■Ticy operated, appears to me not yet understood. 
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Vertical and Horizontal Limits of Drift Agency. 

Deser. It oaQ hardlj' be doubted thut this agency was niaial; conGned tc 
the colder regions of the globe. In the United States drift rarelj appears 
south «f the Ohio river in north latitude f™iu SS" lo 40«, though some boul- 
ders are seen in Keutucky, and the grayel of drift is seen much farther south 
m the valley of the MissiBsippi. Farther east the southern limit of drift runs 
along the northern part of Fetinaylyania, though i t appears along the Susque- 
hanna and Delaware rivers farther south. Perhaps 40 "north latitude is its 
average limit, and according to Mr, Darwin, drift is first met with at about 
the same degree of south latitude in S. Amerioa. J'rof. H. D. Rogeri Ad- 
dress at Washingt<m. be/are Oeol. Assoc.. May, 1814, p, 46. ijrffs Travels 
in N. America, voL 2, p, 60, 

BfacT. In some parts of Europe the drift agency did not extend to the tops 
of high mountains, nor was that upper limit horizontal. In the Alps this 
upper limit varies from 8,000 to 8,000 feet, and its inclination is never quite 
three degrees. 

Descr. In this conntrj the upper limit appears to haye been a 
litl^ over 5,000 feet ; though there is but one spot east of the 
Bocky Mountains^ where we have an opportunity of deciding this 
point ; and that is in the White Mountains. Up to tie foot of 
the peak called Mount Washington, there is evidence of drift 
action. But for ahout 1,000 feet below the summit, the surfece 
consists solely of angular, fragments of coarse mica slate, whioh 
have been formed by freezing, hnt which never have been removed. 
Mount La Fayette, at Frauoonia Notch, which is not so high as 
Washington by 1,000 feet, although covered with loose fragments, 
appears to me to have been swept over and somewhat modified by 
the drift agency. When the Kooky Mountains become accessible, 
we shall doubtless learn new and interesting facts on this subject r 
and the same will be the case, if a centre of dispersion should ever 
be discovered in the northern parts of our continent. 

2. Modified Drift. 

Descr. Whenever there is evidence that the coarse drift has 
been acted upon by waves, or currents ,. subsequent to its produc- 
tion, whereby the fragments have been rounded, comminuted, their 
strise removed, and tliose of different sizes, sorted and arranged in 
different layers, I denominate the mass Modified Drift. 

Rem. 1. It should be understood, that not unfrequently, es- 
pecially near the outer limits of drift action, we find beds of 
modified and re-arranged stratified materials, beneath, and in the 
midst of coarse drift; nor is it possible in going upwards, to draw 
a definite line between modified and unmodified drift. We can 
only say, that usually the coarse drift lies lowest, and shows lesg^ 
effect from water than the materials lying higher in the aeries. 



Hcssdb, Google 



FT. 255 

When we compare layers of the deposit at a considerable vertioal 
distance, the difference is very distinct, bat not so witt those in 
immediate proximity. 

Rem. 2. Hence it seems almost certain, that drift and modified 
drift are the result of the same general causes, acting under modi- 
fied conditions of the surface. 

Rem. 3. The most plausible supposition is, that most of the 
drift proper was produced by the joint action of oceanic currents, 
loaded with ice, with the aid of glaciers, while the land was sinking 
below the ocean ; and that the modified drift was the result of the 
action of that same ocean, as the land rose out cff it, and of the 
lakes and rivers that were the consequence of a drainage of the 
surface. The proofs of this theory will be given farther on. But 
I state it here, because the facts will be better understood on this 
supposition. 

Desci: Modified Drift embraces Osars, aucient Submarine 
Bidges, Sea Bottoms, Beaches, and Terraces. 

Renu Some Btatemeuts as to the raeana 
from modified di'ift, oceanic from fluviatile n 
of water, will be important, preliiniparj to a. desoriptioQ of these Bsveral 
forms of tnodiSed drift. 

Ikscr. 1. Drift propei- is the lowest part of the alluvial forma- 
tion. 2. The fragments are coarser and less rounded than in 
modified drift. 3. The fragments are frequently striated in one 
direction, as if held firmly, say by being frozen into ice, and pushed 
over a rocky surface. 4. The materials are not generally sorted, 
though there is evidence often that water was acting upoo drift, as 
well as ice, during its production; so that in the same mass ve 
find one portion mixed conftisedly together, and another portion 
more or less stratified and lamiuated. 

Descr. 1. 7wwi(«£i^erfdri/i the fragments are rounded, smoothed, 
and destitute of strife. 2. They are sorted and arranged in lay- 
ers ; the coarser and finer alternating 3. In the most recent of 
these layers, which are superimposed upon the others, though 
usually lying at a lower level, the finer do the materials become, 
until the almost impalpable powder of alluvial meadows is met. 
4. The most recent portions are deposited in a more nearly hori- 
zontal position ; the surface becomes more and more level topped, 
and the terraces more regular, as we descend the side of the valley. 

Descr. 1. The deposits formed by the ocean are generally 
more irregular on their surface than those from lakes and rivers, 
and less perfectly stratified. 2. These deposits occur sometimeg 
in positions (as when they fringe the side of a mountain, where 
there is no corresponding elevation opposite}, where no rivers can 
ever have existed. 

Des(rr I, Deposits by lakes and rivers are found on the sides 
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of valleys, or wide basins, or at the debouchure of smaller into 
larger valleys. 2. These deposits usually slope downward in the 
direotion in which the river runs, and at the same of a more rapid 
rate than the river. 3. Fluviatile deposits are generally made up 
of more perfectly comminuted and finer materials than oceanio de- 
posits ; as if the former were made in more quiet waters. 

Besar. The effects of ice upon the solid ledges has already heen 
given, in treating of glaciers. When huge masses of it are moved 
along, either in the form of glaciers, or icebergs, among loose ma- 
terials, it is obvious that they would plough furrows, — pile up a 
ridge in front, and disturb, fold, and dislocate the regular layers 
of sand, gravel, and clay. A similar effect in disturbing the 
strata might result from Uie melting away of masses of ice, which 
are frequently mised among the regular alluvial deposits in cold 
countries ; or by stranded ice floes, around which alluvial materials 
had gathered. The following sketch. Fig. 183, taken in a cut 
through drift somewhat modified, on the Amherst and Belohertown 
BaiJroad in Amherst Massachusetts, will illustrate these effects ; 
though 1 am unable to say which of the above causes has here 
operated : — perhaps both. In this ease the coarsest materials (of 
northern origin) lie upon the surface. 

Fig. 183. 



■w .. ^. ^^^^^.....^^ j.^^.^ 




Section oji AmhsTSt Railroad. 

Ilg. 1S4 ahowa a caae developed io Palmer, Maa'Jachusetta, by the exoava- 
Maa of the weatem rail road. The bank in 20 rods loug and 60 feet high ; 
and although moat of the eliff is gravel, sand, and coarse boulders, yet in th« 
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:e after the clay was deposited. 
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Sesci Deposits of loose materials from water alone, are dis- 
tinguished by two circumstances I The materials are, as a 
general fitt arranged m hunaontal layers, although in some 
places of limited esteot they maj be urfjed down a slope, and pre- 
sent a lamination considerably inclined, aa in the following sketch. 

Illus. Fig. 185 ahowsa cliff of this sortin Uxbridgein MasaachuBetts, about 
15 rods loDg and 10 feet high. Not only have v/e here stratification, but that 
oblique lamiuatioD whjuhia the result of depo^tion froiu water upon a steep 
slope. The materisU are sand anil gravel. 




Deto 2 The materials are sorted mto finer and coarser and 
dxranged into layers one above another often pacing into each 
ither by the most delicate gradation 
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Inf. Wherever we flad a deposit with these two characters, we 
niay he sure that it is the result of the action of water and deposi- 
tion by it. 

Descr. If I mistake not, we find examples of the joint action of 
icebergs and water in those curious conical or irregular elevations 
and depressions with tortuous or nearly strait ridges of sand and 
gravel, which abound in the northern part of our country and also 
in some countries of Europe, and which are formed of modified 
drift. In almost all cases these elevations are composed of sorted 
sand or gravel; but sometimes boulders of considerable size are 
interspersed through the mass. 

Illjia. In New England these aeeuinulations are very common, and some- 
tiiuea bbey are so crowded together ns to exhibit a pictur^que appearanoe, 
being made up of tortuous and conical elevations witii deep intervening cavi- 
ties, as if scooped out by the hands of a Titan. The mosb remarliahle exam- 
ples that I liave ever seen, are in the vicinity of Plymouth in MaasaohosettB, 
and near the extremity ofOape Ood in Truro, where they are sometimes 200 
or 300 feet high. In Truro they are composed wholly of sand, and they give 
asinguiar aspect (o the landscape. Fig. 186 represents a small portion of 
the surface near wliat is called the Hartior in Tiuro. 



is^^^ss 




Descr. In Plymouth md Ba,instable counties tliH iriegularsur 
face is distant fi-om 50 to 100 miles from any mountains much more 
elevated than themselves. 

Fig, 181 exhibits a similar group of hills and holes though much less ele- 
vated, in the enat pni't of Amherst, about two miles from the College, Thess 
are made np eutiiely of giavcl and sand, with perhaps a few boulders. 
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Fig, 181. 






In AmJierst 

Rejiu 1. Before tlia Rov. Juatiu Perkiiia, now inieriaan MiBaionary at 
Ooraomiah iu Pei-eia. left tliia country, I sUowed bim the spot exliibited on 
the above figure, and requested liiin to notice whetlier any eimilftt appeav- 
annes exist in central Aeio, espeeially in Armenin. In a letter received 
from him after be had passed through that Bountry, he aajB. that before 
lie reached Mount Avarnt. and on the vast nlain oo its noi-th side, " we 
passed many sentions of diluvium much like the one we visited back of Am- 
herst." Being now (Maroh I8i2) on a visit to this eounti-y, he informs 
rns on tlie anth >[ity of Rev Mi Johnson American Missionary at Trelnond, 
tn the BWk Sea, that suoh moLamea arc rommon in Oiliciain Asia Minor 
tig 188 showB a row oftumnli some of tiiem 100 feet high n little aonth. 
"■ " " Milage of Noith Adams in MassachuBetts it the toot of Hoosae 



iniains 



Fig IbS 
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Jifit 1 In the B bUeal Eesear hea of Bob naon and 8m th tu auii a milar 
to tbe above are des iLaJ le ex st og nea Jer oho on tlia wecta de of the 
rive Jo im, notfarfp in tsnouth I rec[ e ted D Eob osoo, on a recent 
Tiait to Amhefet, to go to tbe spot in that town represented on Fig. IBl; and 
he oasnres me tha,t the materials are the same in the tumnli near Jerioho as 
ID Amherat ; bnt that the former iire insulated and conical. Seieanliea, toL 
2, pp. 384, 391, 398. 

Descr. Sometimes these aeoumulations of detritus assume the 
form of distinct ridges, wbioli are occaaiona,Sly curvilinear, like the 
terminal moraine of a glacier, more frei^uently they approach a 
rectilinear form, and sometimes are quite strait for a considerable 
The case represented helow, Fig. 190, shows several of 
fes as they occur near the Shawsheen river in Andover, 
i. One is called the Indian Ridge, and is a mile aod 
a half long. The west ridge is still longer. They are narrow, 
usually not more than four or five rods wide, and from 15 to 30 
feet high. Some of them are composed of sand and fine gravel, 
others of coarse gravel with large houlders intermixed. This 
sketch is laid down from a survey of the principal ridges made by 
Professor Alonzo G-cay of Brooklyn, N. Y. See Trans. Assoc. 
A^ner. Geol. and Nat... vol. 1, p. !98, 




Submarine Ridgss: A^tdoai 
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Theory of the Mounds and Ridges. Some have called tJiess 
-idges Osars, such as occur in Sweden and other parte of Europe. 
But those which I have seen in Ireland, and found described ia 
Scandinavia, arejiearly ax quite strait, and none of them so long 
as the ridges in Andover. Gray and Adams' Elements of Geology, 
p. 144. I have described them formerly and the mounds also, aa 
Iceberg Moraines : produced by the grating along of icebergs upon 
tiie bottom of the ocean. But the ridgea appear to me too crooked 
for such au origin. Water appears to have been the chief agent 
in their deposition. If thick layers either of stranded ioehergs, or 
masses of ice, interatratified with detritus, once existed on the 
aides of the valley of the Shawsheen, the stream, whether oceanij 
or fluviatile, might have piled up materials in front of the ice, 
which, on the melting away of the ice, would form these singular 
ridgea. And esseatially the same esplanation is the only one 
which I can give of the irregular mounds aud depreaaions ex- 
plained and represented above. I now apply to theae mounds and 
ridges, the general name of Moraine Terraces. 

Rem. 1. Some geologiatB have Tcgarded these aiagular aecuoiulatioDs as 
the moraineB of ancient glaraera. But the fact that the materials are so 
thoroughly comminuted, aa Ihey usually arc, and «ep«eially are sorted, bo 
as only water could do it, is deoiaive evideoee that ul then' ^presant form 
they are of aqueous origin. It would not be strange, however, that if they 
were dug through, it ahould aometimes be found tlmt tbe internal j^arta ai'S 
coarser and raised ooofusedly, as Professor Studer says is the ease with some 
gravel mounds of tbe aama sort, at Berne, in Swltierland. In such a case 
thej may have been originally moraines, whose outer parts have been subaa- 
quentlj rearranged by water. I have oever seen any example of suppoaed 
morunes in this country, with the exception of a few on Westfietd and Deer- 
field rivers, tbat was not of this character if indeed it ever was a moraine. 
1 should say the aa ne of similar ezamples so far as I notioed them, (as for 
iustancs those near Che marquis of Breadalbane n lead minea and on tha 
□orth side of Ben Nevia ) la Scotland 

Rem. 2. It is au mterestmg bet that these pictitreBque mjunds and de- 
preasions have been chosen as the sites of pemeteriea This is the case at 
Mount Auburn m Oambridije Miunt Hipein Rithester at Plymouth. Massa- 
ehuaetts, the oldeat burymg ground m New England — al Newburyport, 
North Adams, ie- 

Rem. 3. Probably some of those mounds in our western States that have 
been regarded ai the work of roan, aie examples of motiihed drift. We 
have testimony that the materials i f a me of the largest wheu out through, 
have a straliceil arrangement such ai watei alone could ppjduee; and, 
moreover, they ara too Jai'ge and numerous to have been of human origin; 
although such occur in those regions in large numbers. Illinaii Magaiinf, 
vol. a, p, 862, Am, Jour. Sci, vol. 34, p. 88. Vanineera't Report on the 
Geol. of Ifao York, p. 2i1. 

Forms of Modified Drift. 

Descr. Osars Os, in the Swedish language, signifies " a pile of 
graved :" Osar is its plural. They are ridgea of sand, gravel, and 
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only 1 few rods, and rarely a mile long, lying 
1 as the striK on the rocks in a given region, 
hiving a somewhat rounded back, and 
not nntrequently proceeding in a train. 
' fiom the fee side of a rock or hill. They 

seem to have heen formed by a povfer- 
ful current, which accumulated wie de- 
tritus hehind the obstruction in a taper- 
ing train, resembling in form an invert- 
ed canoe. At least, such was the ap- 
peal imce of those which I saw in the 
nuitheast part of Ireland, where the 
diiection of their ases was N. W. and 
S E , and they were composed of sand 
and gravel. But in Sweden and Rus- 
sia they embrace coarse boulders, and 
become in fact mere trains of blocks. 
Sometimes they appear to have accu- 
mulated behind stranded icebergs, which 
subsequently disappeared, as is shown, 
in Fig li)l, which represents the man- 
nei in which a remarkable Oaar, near 
TJpsale in Sweden, was probably formed. 
In this case the lower part is sand and 
gravel, and the upper part a train of 
blocks, which probably were derived 
' fiom the melted fioe. Murchiion^s Ge- 
ology of Russia, vol, 1, p. 547. 

Brai. I am not prepared to puinf out «jiy 
mpl f g O th t 
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Submarine Ridges a-nd Sea Soitoms. — T!ie ridges are composed 
of sand and gravel, which differ from beaches and terraces, by 
having a double slope which is usually gentle. They are found 
around lakes more especially, as lake Erie and Ontario; and are 
there called '-Eidge lioads." In a longitudinal direction they 
vary considerably in height, although their general elevation is the 
same. They form fringes around the lakes at considerable eleva- 
tion. Mr. Whittlesey baa desoribed four on the south shore of 
Lake Erie; the lowest about 100 feet, and the highest 200 feet 
high. They exist also on the north shore. Mr. Boy has described 
three on the north shore of Ontario varying from 108 to ''88 feet 
in height. Five others, s 11 h gh b w n 308 d 6 fee 
have been desoribed byPrfHU 1 h jfMRy 

Sir Charles Lyell descrih 1 dp h h h 

Probably some of these Th y 1 u d 

other lakes farther west. 

Inf.^ These Kidges werdblsafmlb hhw 
when it stood at different 1 1 , a d p b bly 1 h S 

an admirable paper on this subject by Charles Whittlesey. Amer. 
JouT. Sci., vol. 10, p. 31, Second Series. 

Descr. Ancient Sea Bottoms occupy a large proportion of the 
suriace of our country at the lower levels, while the Ridges, 
Beaches, and Terraces, although more striking, are comparatively 
limited. The Sea Bottoms consist of the same sort of water-worn 
materials, strewed over undulating surfaces, which now rise into 
low knolls, and now sink into depressions. On the shore of Lake 
Erie, by rising about 240 feet, the well-marked terraces disappear ; 
and from that level to 650 feet the surface of northern Ohio pre- 
sents the characters of these ancient sea bottoms. A rise of water 
250 feet above Erie, or 850 feet above the ocean, would submerge 
northern Indiana; Illinois, Michigan, much of New York, and 
Canada West, with much of Wiaeonsiu and Iowa, all which exhibit 
more or less of these sea bottoms. The same is true of the coun- 
try near the coast in New England, especially in Rhode Island 
&nd Massachusetts. 

Sea Beackes and Terraces. 

Descr. The following ideal section across a valley. Fig- 192, 
will give an idea of the manner in which I have found, as the re^ 
suit of the last five years' examination, the detjital accumulations 
to be arranged ; although all the varieties here exhibited are rarely 
found in any one place. As we rise from the river, its immediate 
bank, or. meadow, forms the lowest and latest terrace, A, vhioh 
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may he increasing from year to year by alluvial deposits. On the 
margin of the meadow we come to a steep slope, or talus, whose 
top, B, forms a second terrace. Very frequently the lower part of 
this second terrace is composed of clay, and the upper part of saud, 
or small gravel. Another steep slope carries us to a third ter- 
race, C, which is more usually of coarser materials, but thoroughly 
rounded and mostly rooted. A fourth terrace, D, is still coarser, 
tuid the top less level. Indeed it is here usually that we find those 
irregular mounds and ridges already described ; that is, they occur 
upon the highest terraces, and sometimes where no terraces exist; 
but it-ia always along the base of mountains or hills. When they 
do occur upon a terrace, I call such terrace a moraine terrace. 
Rising above this we frequently find deposits, B, it may be of sand, 
gravel, or coarser but water-wora materials, not having a level top, 
but more or less roanded, and reaching a certain level along the 
side of the hill. These are generally at a great distance from any 
existing streams, and could not have been produced by them, 
though they were at a higher level than at present. In fine, these 
accumulations resemble Beaches, such as now are forming od the 
coast. Still higher, as at F, we find the unmodified Drift, ivhioh 
lies immediately upon the solid rocks, as at G-. 

Descr. The Drift usually passes beneath the Beaches, and these 
beneath the Terraces. 

Descr. On the opposite side of the valley we may or may not 
find terraces and beaches. If we do, it is not often that they cor- 
respond entirely in number and height on the two sides. 

Descr. The number of terraces on a river varies with its size, 
the largest rivers having the fewest in number. Thus, on the 
Connecticut river, the number rarely exceeds three or four ; but 
on some of its tributaries, and those not the largest, as the Ashue- 
lot at Hinsdale, and Whetstone Brook in Brattleborough, they rise 
as high as ten. 

Descr. The height above the streams which the river terraces 
attain, is greater the larger the river. Thus, on the Connecticut, 
the highest terrace at Bellows' Palls is 226 feet ; on Deerfield 
river, at Deerfield, the highest is 236 feet. On Genesee river, at 
Mount Morris, I found the highest to be 348 feet; on the Rhine, 
at Rhinefelden, I measured one that was 305 feet, Mr. Darwin 
describes five terraces in the valley of G-uasco river, in South Amer- 
ica, the highest of which he estimates at 600 feet. But as he 
makes no distinction between terraces and beaches, perhaps I 
should call his highest terrace a beach. Geological Observations 
on South America, p. 45, 

Descr. As the river terraces mostly occur in basins that may 
have been cut off from the sea, it I's of little importance to state 
the heights of the terraces above the ocean. The &mouB terraces 
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ifl Scotland, known as the Parallel Roads of Glen Roy, are stated 
by Robert Chambers to be 1,337 feet above the eea. ^See hia An- 
cient Sea Margins, p, 330, Edinburgh, 1848.) The highest which 
I have found in this country, are upon a small stream in Peru, 
Massachusetts, and are 1,851 feet above the ocean. In Switzer- 
land I measured one on the banks of the Arve, near Geneva, 1,367 
feet above the ocean; near Bonneville, on the same river, 1,603 
feet; near Sallenche, 1,811 feet; above Chamouny, opposite the 
glacier Argentiere, 4,100 feet; still higher on the same stream, 
near the hamlet of La Tour, 4,351 feet; on the Ean Noire 4,218 
feet; and at St. Maurice, on the Rhone, 1,480 feet. But in all 
these cases ^aoiers or other agencies had formerly blocked up the 
valleys bo as to form basins, in which the terraces were formed by 
the streams thence issuing, and not by the ocean. 

I>escr. The highest Beaches which I have measured, are as fol- 
lows: In Peru, 2,022 feet; at the Franconia Notch of the White 
Mt8., 2,665 feet ; Notch of the White Mts., (Gibbs' Hotel,) 2,020 
feet. The most distinct Beaches, however, rarely exceed 1,200 
feet in height. On Snowdon, in Wales, I found some quite lim- 
ited, 2,547 feet; in Switzerland, on the west shore of Lake Zu- 
rich, 2,105 feet; between Lucerne and Berne, at Scupsheim, 2,274, 
and between Berne and Vevay, 3,640 feet. From these heights 
down to the present sea level, these beaches may be found ; though 
more often the materials are arranged, more as sand and gravel 
now are on the bottom of the sea, and hence I have included An- 
cient Sea Bottoms among the varieties of Modified Drift. 

Jtescr. Terraces of modified drift occur not only along most of 
the rivers of our country, and I may say the same of Scotland and 
Switzerland, but also around all onr lakes, and along the shores of 
the ocean where no rivers empty, Mr, Darwin has described sev- 
eral of the latter class on the coast of South America ; in one part 
not less than seven in the distance of 150 miles, rising at length 
to 1,200 feet. Geol. Ofts, on S. Am^r., p. 15, They occur also 
in the alluvium along the coast of the United States, though not 
BO high. They are found also around most of our lakes, and even 
some large ponds. All the New York lakes have them, as we 
have already stated in respect to Ontario and Elrie. In Bome parts 
of Lake Superior, they are numerous. Professor Agassiz speaks 
of " six, ten, and even fifteen on one spot," forming, as it were, the 
steps of a gigantic amphitheatre." (See his Lake Superior, p. 
104.) This is on the north shore. On the south shore they have 
been described by M. Desor, Foster Sf Whitney's Report, part 
1, p, 194, and part 2, p. 248. Around the Great Salt Lake in 
Utah we find not less than thirteen terraces, the highest 200 feet 
above the plain. Annual of Sciemific Discovery for 1852, p. 

as4, 
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tSade in which Osars, Ridges, Beaches, and Terrors have been 



1. Water has been the essential agent in the production of them 
all; and with the exception of the Beaches, the deposition must 
have taken place beneath the surface. For first, the materiab 
have all been eommiouted and rolled bj water. Secondly, they 
have been assorted and arraoged horizontally, with a few excep- 
tions, explained by the presence of stranded loe. Thirdly, we 
know of no other agtfnt but water that could produce these effects. 

2. The Submarine Ridges were produced by the action chiefly 
of waves upon sand and gravel beneath the waters. Osars are the 
result of strong currents, drifting and partially sorting the mate- 
rials, and placing them aa a train behind some obstruction. 
Beaches were produced by waves of translation, urging the mate- 
rials upon the shore, where they were afterwards modified by winds 
and fluviatile agencies. Terraces were formed in more quiet 
waters, where the materials were spread out evenly ov.;r the bot- 
tom; and as the waters subsided, they may have acted on the 
inner margin of the terraces to give them a steeper slope than de- 
position could do. 

Inf. 1. Hence we find terraces most abundant around monntaia 
lakes, and along those rivers which paas through a mountainous 
country, and which, at a higher level, formeiJ a succession of lakes. 
When they occur along the sea cAast, it is in those places where 
the waters, when they stood at that height, must have been moat 
sheltered from breakers. 

Inf. 2. As high as we can find in any country, modified drift, in 
the form of Osars, Beaches, and Terraces, we may be sure that 
water has stood for a long time since the drift period. For no 
other agency could have produced such phenomena, nor could a 
transient submersion have been sufficient to account for the facts. 

Inf. 3. The water that could have formed the highest of these 
deposits,— the upper beaches, — must have been oceanic. For I 
have found these beaches in our country as high as 2,50U feet, — 
certainly 2,000, — and a body of water, standing at that height, 
must have communicated with the ocean, because no barriers could 
have existed high enough to cut it ofi' from the ocean This is 
illustrated by Fig. 193, where a beach of comminuted ana water- 
worn materials is shown at a great distance from the ocean, and 
high upon a mountain, above all the mountains lying between nie 
spot and the ocean. Such is, in fact, the position of many of the 
old beaches in our country, at various altitudes. On Snowdon, in 
Wales, I discovered, I thought, less striking and limited beachea 
2,540 feet above the ocean; and in the great valley of Switzer- 
IWid, detritus deposited by water, 2,640 feet above the sea; and I 
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presume no barrier exists between theBe beaches and the ocean as 
high as 2,640 feet. 

Inf. 4 Hence I infer that the above countries, and especially 
our own, have been beneath the ocean to the depth indicated by 
the beaches, since the drift period, and have graduaUy emerged to 
their present height. 

Proof i, Marme shells, almost the same as now inhabit the 
ocean, are fouod in many localities in our country, at heights vary- 
ing from 50 up to 500 feet above the sea, as at Portland and Lu- 
bec in Maine, in the valley of Lake Champlain, 400 feet high, and 
in several places in the valley of St. Lawrence ; at Beaufort, near 
Quebec, 200 feet high ; and at Montreal, 500 feet high. To these 
heights, then, we are certain of the presence of the ocean. 2. The 
ancient beaches, at least 2,000 feet high, as under the last infer- 
ence I have attempted to show, lead irreBistibly to the conclusion 
that they must have been deposited by the oceaa, 

O^*. Some geologists maintain that nothing but the presence of 
marine remains in a formation is to be taken as decisive proof of 
the former presence of the ocean. But if the above reasoning re- 
specting water-worn materials situated as in Fig. 193, is not con- 
Fig. 188. 



olusire aa to this point, I am unable to see the connection between 
premises and their conclusions. Yet I regret that want of space 
prevents me from drawing out this reasoning in greater detail. 

Inf. 5. If this continent has been submerged to the depth of 
2,000 feet since the drift period, we may safely infer that the whole 
of it east of the Kocky Mountains, save the single peak of Mount 
Washington, was submerged. For a depression 'of 2,000 feet 
would leave only the tops of a few mountains as islands above the 
waters, and all these, with one exception, have been swept over by 
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the drift agency, which is preaumptive proof that they have also 
been beneath the surface. 

Remarks. The theories by whicli the origin of modified drift ia explained, 
might properly follow here. But siQce in my opiiiion no exact liue of diB- 
tinctioQ can be drawn between modified and unmodified drift, and the pro- 
duction of both was probably due to a prolonged and modified actiou of tlje 
same ageucies, I will first give au nccouuC of the masC important theoriee of 
Drift that have been proposed. 

Theories of Surface Gt logy, espedaUy ^ Drift 

Deser. Id no purt of geology b' /e opinions been so unsettled and chau°:ing, 
as in respect to the origin of d' it and its attendaut phenomena. Until re- 
cently, powerful currents of w jer have been regarded as the sole agent cun- 
cemei To aeoouut for these currents, it was a favorite theory with many, 
that a comet once impinged against the earth. ChologU Popiilaire, par N. 
Boabee. p. 46, Paris. 1S33. But since it bas been aacertaiaed that comet* 
have "'no more solidity or coherence than a cloud of dust, or a wreath of 
smoke, through which the stars are visible, with no perceptible diminution 
of tbeir brightaeae," it is no longer necessary to giva a formal refiitaCioo of 
this bjpothews. Wketeell'i Bridffemiter TreaitM, p. 162, 168, first American 
Edition, Another theory, very widely adopted, imputed these effects to the 
deluge of Noah. But it is now almost aniyersallY abandoned by geologists, 
because the remains of man have out been found in drift; because most of 
the animals found in it belong to extinct apeciee ; because the period oecnpied 
by the Noachian deluge was much too abort ; and because the pbenotneua 
eanaot be explained by water alone. In short, every theory which imputes 
these effects to currents of water nlone, bas^)een abandoned by geologists ; 
Bod they now almost universally refer them to the conjoint action of water 
and ice. Three varieties of opinion as to the origin and mode of operation 
of these agents, exist among eminent geologists. The two first of these 
theories may be called the Iceberg T/uoriea ; and the laat, the Glatier Theory. 

Mrst Theory. 

Dexcr. This theory imputes most of the phenomena of dri£l to 
icebergs carried southerly by the currents of the ocean, while the 
continents, where drift occurs, were yet beneath the ocean. As 
they were gradually raised from the deep, the mountains, which 
would form islands, would send down glaciers to their shores, and 
thus masses of ice would be broken off to be floated away, loaded 
with detritus. In many places large bodies of water would remain 
after the oceau had retired, in which deposits of clay and sand 
would take place. LyeWs Elements Geol., vol. 1, chap, x. and si. 
Proof. 1, Id high northern and southern latitudes, the process which this 
theory assumes is daily going on. Icebergs frequ«it]y transport towards the 
equator blocks of great size, which are dropped upon the bottom of the ocean. 
Booreaby saw upon several icebergs in 70° N. latitude, masses of eaith aud 
roek weighing from 50.000 to 100,000 tons : and a deposit of drift is now 
(Ktuall; accumulating in the southera hemisphere, in latitudes no higher 
than Northera Italy, Switzerland, and England. LyilCt Slenuta* ChoL 
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voLl.p. 2S2uid2el. 2. There is evideace daily MMomulatiag of the Ncutenw 
of a mniji lower temperatura in northern latitudes when the drift wae de- 
positing than is now fjnod in the same latitudes, and, therefore, gladers 
might have eiiated in much lower latitudes tban at present, and ieebergB 
might have been carried nearer Ui the equator than they dow are, before 
melting. 



OhJ. 1. The difficulty of conceiving how mere waves of tmnslation though 
Hided by iceberge, eonld wear down the leilges to so great an extent imd 
convey detritus nundreds of milee from the centre of dispersion, as bas been 
done in Scandinavia, forms the principal abjection to this theory. The action 
appears t« have beeii long continued in almost all eases, whereas as a conti- 
nent or mountuin emerged from the ocean it can he supposed to send Hway 
only a few waves, whidi though powerful could not last long. The theory 
applies better to America than to those countries wbcie centres of diaperstoa 
exist. 

Second Theory. 



Descr. This theory supposes the phenomena of drift to have re- 
Biilted from the rise of large areas beneath the Arctic and Anta^tio 
oceans, whereby their wat«r8 north of the equator, have been driven 
southward, over a considerable part of Europe and America, bear- 
iug along masses of ice loaded with detritus. And further, that 
there may have been a succession of vertical movements, which 
produced sucoeasive waves ; so that the waters may have repeatedly 
fallen and risen again, and while at their ebb, they may have been 
frozen to the surface, so that as they subsequeutly roae, vast 
masses of tee may have bfeen driven along, loaded .with detritus, 
which may have been forced up declivities considerably ateep, and 
thus the surfiice hare been powerfully and rapidly abraded, and 
the rocks scoured and furrowed. De La Beche's Geological Man- 
ual, p. 172. Also his Tlieoreticai Geology, p. 319. Biblical Be- 
pository, vol. II, p. 23. 

Proof. 1. It is established, that in early times repeated upheavings of the 
bottom of the ocean have taken place ; and at t^ present day, also, simihu' 
elevations occur, (ex. gr. Hothaiu or G-raham Island in the Mediterrnnean, in 
IS31 : Sabrina, near the Asores, in 181 1 ; and umong the Aleutian Islands 
in 1814, an island, said to be 8,000 feet high :— another in 1806 whiehis per- 
manent ; and another in 1796, Lt/dCt Prin. Oeoi.. vol 3, p, 363. 3S6, 8i 8.) 
And in some instances, we are able to see the eifects in the tremendous 
waves that follow; as during the earthquake in {iabon in 1TS6. The force 
of iinch waves, a^ they reached the shoie, and successively rose higher and 
higher, were a large area of the nopthern ocean Xti be suddenly upraised, oan 
scarcely be estimated ; loaded as they would be with ice ; and it seems almost 
the only conceivable agency by wbi^ large boulders could be forced up hills 
of eoQstderable steepness, and deep groves be formed on the northern slopes 
of liiUs in Sweden and America. S. In the latter oouatrj oertainly, if nut in 
the former, it seems scarcely possible to doubt that the sur^cc is essentially 
the same now as when this agency was exerted upon it; except perhaps 
those few local minor and slow elevations and depressions of whirm probably 
every country furnishes some examples ; and heace the source of thia actioa 
miiat be sought out of the cnuntry. 8. We liave evidence that volcimio 
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^easy, ■wheretiy large arena may have been uplifted, has beea very active ia 
high northern oud southern latitudes. 4. This theory esplaiBB the absence 
of uniinn.! and vegetahla lifa, otid the presence of vast masses of ice iu com- 
pai-atively low latitudes during the glacio-aqueoue period. 

Olfj. I. It is difficult to cuuoeivB how these yertioiil movemeate around 
the poles, should have pi'oduced floods of such vast extent and magnitude, 
as to inundate with water and ice, certainly all the noitbei'n, aod probably 
also all thesuuthern parts of the globe, ds far at least as the 40th degi'ee of 
latitude, 2. The actioa by whloli diift was aooumalatad, bcJuldecs transport- 
ed, and rocks furrowed, must have been long continued; whereas any verti- 
(id morement arumid the polea, sudden enough to produce such deluges, 
must have been comparatively transient in its effects. S. If the waters thus 
thrown over existing continents southward did not return to the polar re- 
gions, wb.it has become of them ! If they did return, as the elevated por- 
tions subsided, wily have they not left traces of their norfiberly currente on 
the land f 

.Bnii. Tliis ttieory, somewhat modified, has been suatMned with great 
ability by Professors H. D. and W. B. Rogers. See the An. Add. of the 
former before tite Astoe. of Amer. Geologists and Naturalists, 1844. 

The Glada- Theory. 

Descr. The history of glaciers, which haa been given in the first 
part of this section, forms tlie groundworit of the glacier theory. 
It supposes that at the close of the tertiary period, a sudden re- 
duction took place in the temperature of the sarface of the glohe, 
whereby all orgaJiio life was destroyed ; and in high latitudes at 
Joast, glaciers were formed on mountains of moderate altitude ; in- 
deed, fliat vast sheets of ice were spread over almost the entire 
surface, extending south as far as the phenomena of drift have been 
observed. The northern regions, especially around the poles, are 
supposed to have formed one vast Mer de G-lace, which sent out 
its enormous glaciers in a southerly direction by the for^ie of es- 
pacsion ; and the advance and retreat of these gmoiers, accumulat- 
ed the moraines and produced the strise and embossed appearauce 
(rockes Tnoutonnees) upon the rooks. When the temperature was 
raised, the melting of the immense sheet of ice produced vast 
currents of water, which would lift up and bear along hi _ 
loaded with detritus, and thus scatter boulders over wide S' 
The blocking up of the gorges by moraines, would form lakes and 
ponds, in which clay and sand, such as uow lie above the drift, 
might have been deposited, and afterwards the barriers of these 
lakes, consisting of loose matter, may have been cut through, and 
the waters gradually drained off, and assumed their present levels. 
In some parts of the world the elevation of mountains, as the Alps 
for instance, during the same period, might have increased the 
effects that have been described. 

Proof. 1. The perfectly preserved elephants and rhinoceros of. Siberia in 
frozen mud, sliow that the change of dlimata there most have been very sud- 
den from quite warm to intense cold, 3. The general absence of organic ro- 
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msina Id the clay and sand lying aboye tlie drift, makes it probable that dur- 
ing (hdr deptHition tlie climate w»b too cold to tivor the existence of animals 
and plants, while &e highly arctic oharactcr of the few species of shells that 
have been fouad ia these deposits in New Tork, Canada, Scotland, Sweden, 
and Eussia. confirms this Bonclusioa. S. The hiatopy of the effects of glaciers 
is the history of the phenomena of drift in miniature. In the first place, the 
moraines of glaciers correspond to the Bcouraulations of drift that are ho 
common in northern regiooa. The latter are, indeed, somewhat modified, 
partly by subsequent aqueous agency, and partly by a somewhat different 
mode of production ; bo that the distinct varieties of moraines accompanying 
glaciers are not always to be distinguisbed. Secondly, the smoothing, round- 
ing, and polishing of the rooks, are the Eame beneatb the glaciers as over the 
whole northern hemisphere. Thirdly, the parallel atrise upon their surfaces 
are perfectly explained by the passage of ice over them in unbroken sheets, 
witli angular fr^ments fixed into their lower suriaee. Fourthly, the paral- 
lel furrows and valleys produced by the agency under consideration, upon 
the crests and sides of steep mountains, are very analogous to those beneath 
the glifflers, the result of the joint action of ice and water. Fifthly, this same 
joint action may have transported boulders to great diatances. Mid lodged 
them upon predpitous ridges and ou eaudy plains. Finally, these effects 
are inexplicable by currents alone, i. This tiieory furnishes an adequate 
agency for smoothing and furrowing Che slopes of mountains, and for the 
transportation of drift from lower to higher levela by an ascending force ; 
faatB more difficult to explun than almost any other phenomena couneoted 
with drift. This might have been done both by the eipansive force of ice, 
pushing one extremity of the sheet up the bill, and by water, lifting up ice- 
bergs with detritus from the bottom of the valleys, and as it rose, carrying 
them to higher levels. B. It shows how deposits of clay and sand might 
have been formed above the coarse detritus in lakes produced by the moraines 
and melting of the ice, and how their barriers aftenviu'ds might have been 
removed. 6. It gives a reason why those clays and sands are so destitute 
of organic remains, via., a cold climate. 7. It provides an agent sufficiently 

Sowerfu! to break down the tops of ledges of rooks, as appears to have been 
one at least in a few iostaucea in New England, by an enormous (brce oper- 
ating obliquely downwards in connection with the formation of drift. The 
expansion and great weight of a huge sheet of ice might exert a force upon 
obstacles almost iri-esistibls. 

ObJ. This theory furnishes a very inadequate causa for the southerly di- 
rection taken by tlrift over so large a part of the northern hemisphere. It 
supposes that as the earth was cooling, most of the water that was evapo- 
rated in tropical regions would go l« be condensed in the polar regions, and 
thus accumulate there a vast quantity of ice, so long as the glacial period 
continued. Admitting such a process, it might produce a moderate southerly 
movement in the ice as it expanded. But the distance southerly lo which 
the drift has been transported, even that principal mass of it which must have 
been pushed along by the ice, is very great to refer to suoh a cause. And 
besides, the southerly direction of the force seems to have continued from 
the beginning to the end of the work ; so Chat the bottom of the valleys as 
welt as the tops of the mountains have been equally affected by it. This 
fact seems to indicate some other cause besides mere expansion to give an 
austral direction to the force. It is difficult, also, to conoeive how currents, 
formed by the mere melting of ice, could have transported boulders from 
4,00 to aOO nliles to the south. 2. It would have required a glacier some 
8.600 miles wide and at least 1,000 miles long to cover all the surface in 
Nortij America that has been swept over by the drift agency. Whether the 
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existence and prr^eas of such a glacier b« posBible we have not the mean* 
of knowing, because none exbt now approRching to it in ahe. S. This zla- 
oier muet Lave moved over a eurtaoe which, aa a, general iaot, was level but 
with inequalities Rmuuntiag to S,000 or 4,000 feet, and sonie portion!i of tbe 
glacier muat have mounted hilla of that height. Now, there is no known gla- 
cier that ia not aituated upon aloping ground, nor any tliat does not occupy a 

Rem. 1. This theory was first su^ested by Venetz, a Swiss engineer ; then 
advocated by Charpentier ; and more recently brought out in ita fall propor- 
tions by Agasaiz, in his Eltidta tur let Glaciers. 

Sem. 2. A curious example to illnatrate the effect of tbe sudden melting 
of large nutssee of snow and ice, bus been communicated to ma by Rev. Jus- 
tin Perkins, American Missionary at Ooroomiah. in Persia, not far from Mount 
Ararat, in a letter of Nov. 6, J840. In giving an account of two very pow- 
erful earthquakes, experienced on and around that mountain in tbe summer 
of IS4U, be says, " the vast accumulation of snow which bad been increasing 
on and about the tops of the mountains for centuries, was broken into nieces, 
and parts of it shaken down on tbe sides of the mountains in anch 



quantities, tbat (it being midsummer and the snow descending dowL . 

a warm climate and suddenly melting,) torrents of water came rolling down 
the remainder of tbe mountains, and flooded the plains for some distance 
around its base." 

General Objection. Against all the preceding theories of drift 
there lies one general objection. While each one explains some 
of the phenomena satiafactorily, it leaves others unexplained. 
They are true causes, but they are not singly sufficient. It seems 
to me, after careful study of this subject for thirty-five years, that 
by combming all these causes, we shall get a theory not only of 
drift, but of nearly the whole of surface geology, from the close of 
the tertiary period to the present moment, of a very satisfactory 
kind. 

Them^ of Surface Geology. 

Prtliminary Principles. From the preceding stateraeots, mainly, 
we may assume the following positions as settled principles : 

1. Since the tertiary period, those countries where drift and ter- 
races exist, have been depressed in a great measure beneath the 
ocean; the United States, for instance, from 4,000 to 5,000 feet, 
England 2,300 feet, Scotland from 1,000 to 1,200 feet, and Swit 
zerland from 2,500 to 3,000 feet. 

2. Subsequently they have been slowly elevated to their present 
levels, and drainage has gone on from their entire surfaces. 

3. During these vertical movements the surface must have been 
subject in some places to the action of oceanic currents, loaded 
often with icebergs, since they came from the north ; and of waves, 
also, especially waves of translation; while the mountains would 
be covered with glaciers, and subject to landslips. Rivers, also, 
muat have played an important part in modifying the surface 

12* 
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All these agencies, therefore, we may assume to h»ye acted stmnl- 
taneously or intermittingly while the Burfaee was sinking and 

TJieory. 

Drift israainlj the result of these four agencies— Glaciers, Ice- 
bergs, Waves of Translation, and Landslips — acting upon the sur- 
feoe while it was sinking beneath and rising above the ocean, wkile 
Oaars, Sea Bottoms, Submarine Eidges, Beaches, and Terraces, 
were produced by the same agencies with the addition, of rivers. 
From the close of the tertiary period to the jwesent time, these 
operations have formed an uninterrupted series. 

Rem. These Tiews I Bhall now attempt briefly to illuetrate bj a aerieB of 
Btatemeats acd reasoniugs. 

1. As the drift countries sunk slowly beneath the ocean, every 
part of the surface must have been exposed to the long- continued 
action of waves, tides, and currents ; and, consequently, a great 
amount of detritus must have been broken off, 

2. Another inevitable effect of that submersion of continents 
would be, to bring oceanic currents over countries id high latitudes 
from the polar towards tropical regions. If Ntwth America was 
submerged, east of the Rocky Mountains, it would bring a current 
from tlie north-west; and if South America was submerged, east 
of the Cordillera, it would bring a current from the south-west. 
Sen Maclareri's Geohgy of Fife and the Lotkians, p. 295. Also, 
The Scotsman for Dec. 1, 184!. 

3. A third effect would be a reduction of temperature in high 
latitudes, of the countries submerged, accompanied perhaps with 
greater warmth in other regions equally removed from the tropics. 
Taking North America and the west part of Europe as an exam- 
ple, two causes would operate to reduce the temperature : 1. The 
Gulf Stream (the present cause of the higher temperature of Eu- 
rope than the United States, and of the Atlantic coast above the 
Interior) would be diverted from its present oourse, and pass along 
the eastern base of the Rocky Mountains, into the northern ocean, 
and thence perhaps along the coast of Asia. 2. The current from 
the Arctic regions would be loaded with icebergs, which would be 
stranded along the shores, and so reduce the temperature that 

Srobably the sumn^er could not melt away the ice; and the sea, 
ke that around the loles, might be choked with ice as far south 
as we now find drift. 

4. As a consequence of this access of cold, glaciers would form 
on mountains comparatively low, and where they do not now 
exist. These would reajjh to the sea, as they now do, in Arctic 
regions. 

5. The enormous icebergs that would be moved southerly in 
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luoh oiroumstances, would grate powerfully upon the bottom of 
the sea, smootliing and striating tbe rocks, and espeoiaU; project- 
ing ledges, upon their northern sides, producing effects which could 
be distinguished afterwards only with difficulty from those of gla- 
ciers, except in the vast extent of conntry acted upon. 

6. As the land continued during this action to sick, the stranded 
ice would be lifted higher and higher along the shores, and floally 
urged over hills and mountains. Thus may we account for those 
cases of erosion where the agent of striation seems to have been 
urged up hill. 

7. While the ice was thus Bcouring down prominent and exposed 
surfaces, the water would, to some extent and in particular places, 
sort and deposit the detritus worn off. And hence we can account 
for that mixture of mere mechanical accumulations and aqueous 
deposits, of which the drift is oompoaed. Especially does it ex- 
plain why, as we approach the outer (mostly southern) limits of 
drift, we find the deposit more and more stratified, and the evi- 
dence of glacial action gradually disappearing. 

8. These vertical movements of continents appear in most cases 
to have been, accomplished as a whole ; that is, the whole mass h^ 
been sunk or raised, so as not to disturb the relative levels of the 
surface, just as we know the continent of South America has been 
raised ; the vast plains having been lifted up some 1,400 feet with- 
out disturbing them horizontally, or producing the smallest fault 
or curvature in the strata, Darwin's Geological Observations on 
South Afnerica, p. 18. 

9. It seems probable that most of the coarse drift was accumu- 
lated, and the stria and roches jnoutonnees produced, while the con- 
tinents were sinking beneath the ocean, or while they remained 
there. At least, as the lands began to emerge from the waters, 
the higher parts of the surface would soon be above the reach of 
oceanic agencies,' 

10. Supposing now the upward movement to commence, and we 
should have an ocean, covered perhaps most of the year with ice, 
with a few islands produced by the mountain ridges and peaks. 
On these the waves and tides would act as well as upon the drift 
at the bottom, and in the sheltered parts of the coasts we should 
expect accumulations of modified drift. These would form the 
highest of the Ancient Sea Beaches which I have described on a 
previous page. They would be usually quite limited, because the 
surface acted upon would be so, and no streams of much size could 
exist to aid in the work, 

1 1. As the land rose, if its ascent were uniform without pauses, 
we might expect that the detritus, or modified drift, would be left 
in irregular masses, or in a regular slope on the sur&ce. Subnu- 
rine Bidges, however, might be formed along the ahores' as ^tey 
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are now produced in lakes and seas. Osars alao mi^t be formed 
by the cutrenta sweeping detritus into the rear of obstructionB 
either of rock or ice. I apprehend, however, that the Osars are 
muoh more ancieDt than the Submarine Ridges. 

12. After the surface had risen bo that rivers of considerable 
size and extent were formed, they would carry into the ocean a 
large amount of water-worn materials, forming beneath the surface 
a delta at their mouths. Tides and currents would sweep this 
along the coast, and after a time its top would be brought to the 
surface, and no more materials could be deposited upon it by the 
rivers, so that they must now push their detritus farther into the 
ocean, and a new submarine bank would begin to be formed, it 
might be at a considerable depth ; and as the continent rose, the 
first beach or terrace would be considerably elevated before the 
Becond one could reach the surface by the combined action of de- 
position and vertical movement. When it did get above the water, 
as did the first one, the river would begin to form a third bank, 
still farther out in the ocean; and thus, by a perfectly quiet, slow, 
and equable rise of the shore, might a series of beaches or ter- 
races be formed. 

13. Keeping our eye upon the continents as they emerged from 
the ocean, we should see at length that the valleys in which our 
present rivers run became estuaries, or Lochs, as they are called in 
Scotland; or Fiords, as they are called in Norway. In our coun- 
try, the coast of Maine presents us with a good example in its 
deep indentation. A similar example in the interior occurs in the 
country of the Upper Mississippi, where the rivers pass through a 
succession of small lakes. During such a state o£ things, the 
streams along these lochs would form what I call Delta Terraces 
at their mouths, such as we now find frequently near the mouths 
of our principal rivers, the Connecticut for example. General^, 
indeed, we find them at the confluence of two streams. 

14. The streams that would empty into these lochs, or chain 
of lakes, would produce a current seaward, which would spread the 
detritus along the shores in the same direction, and produce what 
I call Lateral Terraces, such as are now found at various altitudes 
on the sides of our present rivers, rising sometimes to the height of 
250 feet above the stream. In order to form the successive ter- 
races, it is only necessary to suppose the drainage and erosion to 
go on till the rivers have sunk to their present beds, which could 
not take place till the continent had risen above the ocean to its 
present height. Should the ocean continue to sink, the process of 
forming terraces may be carried much farther. 

16. There is another mode in which lateral terraces might have 
been formed, and are now forming, where a stream has fo cut its 
way through alluvial materials. The mere erosion would form ter- 
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races of equal height along h am 11 h d u n one 

side might be swept away b h m la errace 

only on the other side. Bu af hi has h b made 

to some depth, if a freshe 1 ur w 11 p w fully 

upon one or the other of th b k^ nd w p h wa , will 
form a meadow when the am ha b d d In b equent 
floods, this meadow will re fr h n f all al matter, 

and of course be somewha dp M a wh t h er is 

cutting a deeper and deeper channel, so thdt at length it oan no 
longer rise high enough in floods to spread over the meadow, which 
has now become a second terrace, because the sinking of the stream 
by erosion would prevent the meadow from ever rising as high as 
the original bank. Being no longer able to overflow the meadow, 
it begins again, in time of freshet, to wear away the bank, and to 
form a second and lower meadow, which ultimately becomes, as 
above described, a third terrace, and thus may the work go on 
and the number of terraces be increased, as long as the river can 
deepen its channel. 

16. We see then that by the simple drainage of a country, in- 
cluding its rivers, terraces might be formed along the shores of the 
ocean, lakes, and the banks of rivers, supposing only a general 
slow and perfectly uniform rise of the land, or depression of the 
ocean. Almost all writers, however, suppose these vertical move^ 
menta to have been by starts, with intervening pauses. At an 
earlier date, the prevailing theory was, that the terraces were pro- 
duced by the bursting away of the barriers of lakes, and the sud- 
den sinking of the waters. These are quite natur^ suppositions 
to explain the stair-like aspect of terraces. But in respect to 
river terraces, we have the following decided proof that no such 
paroxysmal rising or sinking has produced them. I. By such 
theories the terraces ought to correspond in number and height on 
opposite sides of the river, which is very rarely the case, although 
to the eye it may seem frec[ucntly so. Neither do they corre- 
spond in number or height, in different parts of large lakes. 
2. Where tributary streams have cut throi^hthe lateral terraces 
of the principal river, as they have often done near their mouths, 
the number and height of the terraces on both streams ought to 
agree. But the reverse is true. Thus, on Connecticut river the 
number of terraces is usually three or four ; hut on somn of its 
tributaries, as on the Ashuelot river, at Hinsdale, and Whetstone 
Brook in Brattleborough, the number rises as high as ten, and yet 
the uppermost is no higher than the highest on the main river. 

17. In such cases, then, we may explain terraces without pauses 
in the upward movement and by the alow action of the rivers 
themselves. We have shown how they might have been produced 
by mere dnunage, with a slow and equable vertical movement. 
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Yet auoh pauses may have occurred : indeed, in suoh cases as the 
Parallel Eoads of Loohaber, in Sootland, this ia the most plausible 
explanation. And doubtless in other oases, sudden elevations bj 
earthq^uakes, may haye formed .terraces. But if river terraces 
have generally been formed without paroxysmal moveuientB, as they 
must have been, and if terraces on lakes and the ocean may havu 
been produced in some oases by the drainage of the country, it is 
reasonable to suppose that such may have been their usual origin. 

18. According to the views that have now been presented, all 
the agencies that produced drift, via. ; Icebergs, Glaciers, Laudslips, 
and waves of Translation, are still in operation in some parts of 
the world, and therefore drift is still being produced. Ever since 
the Tertiary Period these causes have been acting, but their inten- 
aty has varied in different ages. 

19. The same is true of the agencies that have produced 
Beaohes, Osars, Submarine Ridges, and Terraces; viz., the action 
of rivers and of the ocean, combined with the secular elevation of 
continents. In other words, alluvial agencies have run pwallel 
with those producing drift from the beginning. 

20. Hence Drift and Alluvium should be regarded only as 
varieties of the same formation, extending from the close of the 
tertiary period to the present. 

21. The views above presented furnish us with reasons why the 
older and coarser drift is almost entirely, if not wholly, destitute 
of organic remains, and that they increase as we ascend through 
the several stages of modified drift to the present time. At the 
commencement of the drift period, the ocean, standing above the 
present land, was probably filled with Arctic ice, and the land 
covered with glaciers. Of course we should expect the presence 
of but few animals in the waters, or on the land, although they 
might have existed in other parts of the world at that time. But 
upon the emergence of the land, the heat returned, at least as high 
a temperature as at present ; and indeed the remains of gr&at 
numbers of tropical animals in northern Europe, in modified drift, 
indicates the existence of a climate warmer than at present 

22. As to the period that has elapsed since the commencement 
of the accumulation of drift, I have met with no facts in the 
writings of geologists that bear on the subject. But I think I have 
discovered some in nature. I think I could point out many ex- 
amples of river beds on a former continent, which became so filled 
by drift and modified drift, while the continent was beneath the 
ocean, that when it emerged, the rivers were compelled to abandon 
the old beds, and seek new channels. And the amount of erosion 
effected by them since that time, is before our eyes. The cut 
through which the present Niagara river runs, between the falls 
Mid Lake Ontario, seven miles long, is one of these ea^s. Another 
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is the Genessee river between Portage and Mount Morris ; where 
it has cuts channel deeper, in most places, than that of the Niagara, 
some fourteen miles long. I could mention half a dozen examples in 
New England, where the erosions are not as long and deep, but 
the rock is much harder. But the details of these cases are too 
prolix for this place, 

23. Such facts indicate an antiquity to the drift period little 
imagined hitherto, and show that the time of man's existence on the 
globe has been merely a small fraction of the whole alluvial period. 

24. The manner in which the phenomena of drift have been 
produced, in those cases where the force radiated outward from a. 
centre «f diHperaion, appears to me the most unsatisfactory part 
of the preceding theoretical views, and one that may need modifi- 
cation. It is here mainly imputed to waves of translation, pro- 
duced by the upheaval of the central mass. The cause seems to 
me too transient and parosyslnai for the effects, which appear to 
be the result of long-continued and more quiet action. I refer to 
such cases as the transportation of detritus from the Central Alps 
to the Jura, and especially to the drift of Norway, Sweden, and 
Kuaaia, which seems to have radiated from central Scandinavia. 
Perhaps we impute too little in such eases to the former great ex- 
tent of glaciers, according to Prof Agassiz's views ; obscured aa 
the proofs of their former presence are, by the subsequent sub- 
mergence of the regions beneath the ocean. Perhaps, too, a great 
part of the work of striation and the transportation of boulders in 
northern Europe, for instance, was accomplished while yet no cen- 
tral axis or centre had been upheaved. Perhaps, too, tie phe- 
nomena have not been studied sufficiently as yet; for where 
several analogous causes have operated on the same sur&ce, it re- 

auires great care to distinguish them. It is perhaps the most 
ifficult part of geology, 
85. I have been led to the adoption of the preceding theoretical 
v'ews of surface geology, by several years study. The details on 
which my conclusions are founded, I hope shortly to present to the 
Smithsonian Institution, They embrace a great number of 
measurements aad drawings, and may perhaps be published. But 
I am happy to Snd that many of the ioferences to which the facts 
have led me, (and which are often opposed to my previous notions,) 
have been advanced by able geologists, especially in relation to 
drift. I would particularly refer to the writings of Sir Charles 
Lyell, and M. Alcide D' Orbigny, in his Cours Ekmentaire Paieon- 
tologie et Geologie ; and more especially to the views of William C. 
Redfield, Esq., as expressed at the meeting of the American Scien- 
tific Association in 1850; and to the AddressofW. Hopkins, '-Esq,, 
at the Anniversary of the London Geological Society in 1852. 
26. It is interesting to observe, tliat as we approximate towardi 
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a tme theory of drift, and of surface geology generally, the ele- 
ments are derived irom all the loading tlieorioa that have of late 
years been proposed. It would hence appear that when distin- 
guished men have seemed to he widely at variance, they have in 
faet only presented us with different parts of the same subject 



SECTION VII. 

OPERiTION OF ORGANIC AGENCIES IN PRODUCmfl CEOLOeiOAI. 



Rem. Many foatB naturally beloogiDg to thia Seation haye been neeeaaarily 
anticipated ia the preceding Sections ; uid will therefore needVolj to be re- 
ferred to in thie place. 

Agency of Man. 

Prin. The human race produce geological changes in several 
modes; 1. By the destruction of vast numbers of animals and 
plants to maie room for themselves. 2. By aiding in the wide 
distribution of many animals and plants that accompany man in 
his migrations, 3. By destroying the equilibrium between con- 
flicting species of animals and plants ; and thus enabling some spe- 
cies to predominate at the expense of others. 4. By altering the 
olimate of large countries by means of caltivatioa. 5. By resist- 
ing the encroachments of rivers and the ocean. 6. By helping to 
degrade the higher parts of the earth's surface. 7. By contribut- 
ing peculiar fossil relies to the alluvial depositions now going on, 
on the land and in the sea; such as the skeletons of his own 
frame, the various productions of his art, numerous gold and silver 
coins, jeweiery, cannon balls, &c,, that sink to the bottom of the 
ocean in shipwrecks, or become otherwise entombed- 

Exam. The only known examples of the entire extinction of tbe larger ani- 
ninla coSval with nun, and probably throagh bis agency, are the follon'ing: 1. 
The great Irish elk, which wag 10 ft. high to the top of the horns, wLioh are 
from 10 to 14 ft. between their Ups. 2. The dodo, a bird larger than the 
turkey, wiiicb existed in Mauritius and tba adjacent islands when they were 
colonized by the Dutch. 300 years ago ; but it is no longer lo be found ; and 
even all Che stuffed specimens that were brought to Europe are lost ; so that 
u head and a foot of one individual in the Ashmolean museum at Oxford, and 
the leg of anothei' in the British museum, are all that rfinaina of it, except 
some fossil bones lately found In the lala of France. 3. The Xfotorniii and ap- 
teryx atatralU, of New Zealand, appear to be on the point of extinction, if 
not actually extinct. 4. The eleven speuies of Dinornis forOierly inhatnt- 
ing New Zealand, of which a brief description baa been given in Sect. V, 
Ataerican Journal of Science, voL 48, p. 1 94. 6. The fs^yomit maximtit, a 
•till larger bird, whose bonea are found in Madagascar. 
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In partionlar eqpntries it is a more oomraon ooeurrenoe for ipeoieB (o ]»• 
come extinct ; a» tbe beari^r, wolf, and bear, in England In this cnuutrj the 
animaja of the foreat are disappearing ormoriug westward as the foreata are 
clearing qp. Since the discovery of the iaiand of South Georgia, in 1171, one 
million two hundred thousand seal skins have been annuallj taken from 
theuce ; and nearly as man; more from the island of Desolation. The animal 
is becoming extinct at these islands. How monj of the smaller animals may 
have become extinct through the agency of man. it is impossible to ascertain. 
It has been maint^ued with great confidence, that the climate of Europe is 
very much warmer than in the , days of ancient Rome ; and this has been im- 
puted to the clearing away of the forests, Ree^ Gyclnpedia, article Cu- 
HATS. But M. Arago has rendered it probable that no such change has taken 
place, L^/ell't Prin. Choi., vol, 3, p. 256. In North America, however, the 
extremea of heat and cold have probably been modified by the deariug awny 
of the forests. 

In Italy, the Po, Adige, and other rivera, are prevented from overflowing 
the adjacent coantry by embankments. These have been carried so high, and 
the bed of the river has so much fiUed up in some places, that ihe sDrface of 
the Po is more elevated at Fcrrara than the roots of the houses. Li/cll'a 
Prin. Oeol, vol. 1, p. 846. 

Inf. Some writers maintain that as species of animals and plants 
disappear from the earth, new speoies are created to take their 
place at once, that the proper equilibrium of organic nature may 
be preserved. But as no certain example of the creation of anew 
species has yet been discovered within historic times, this opinion 
can be regarded only as an hypothesis. And the majority of au- 
^ors suppose that in general no new creation takes place, until 
nearly tbe entire race inhabiting a country at any one period have 
beett destroyed, either by a sudden catastrophe, or in the slow man- 
ner that has been described. 

Obe. This question, with the whole subject of the permanence, distribu- 
tion, and mutual influence of species of animals and plants, is fully and ably 
discussed in LyeU'a PHnciplet of Geology, Book S. The general principlea 
regulating their distribution have been given in Section V. 

Agency of Other Animals. 

Prin. Very many other animals exert an influence on geological 
changes analogous to that of man, though less in degree, except 
tbe following : 

Folyparia ; or. Polyps. 

Rem. Tbe lithologioal character of the atony habitation erected by (heae 
minute (inima\s has been described in Section III, Some account ot the 
polyps hss also been given in Section VL The hiatory of coral ree/a re- 
mains to be given, 

Descr. Coral reefs are ridges of calcareous rock, whose basis is 
ooral, (chiefly of the genera, porites, astrea, madrepora meandrina 
had caryophillia,) and whose interstices and surface are covered by 
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broken fragmentH of the same, with broken shells and echini, and 
sand, all cemented together by oaleareous matter, Thej are built 
up by the polyparia, apparently on the tops of aubmarme ridges, 
and sometimes perhaps, though not generally, on the margins of 
ancient volcanic craters, beneath the ocean, not generally from a 
depth greater than 25 or 30 feet, yet sometimes 120 or 130 feet. 
The polyparia continue to build until the ridge gets to the surface 
of the sea at low water ; after which the sea washes upon it frag- 
ments of corai, drift wood, &c., and a soil gradually aecumuiates, 
which is at length occupied by animals with man at their head. 
The reefs are sometimes arranged in a circular manner, with a 
lagoon in the centre, where, in water a few fathoms deep, grow an 
abundance of deiicate species of corals, and other marine animals, 
whose beautiful forms and colors rival the richest flower garden. 
Volcanic agency often lifts the reef far above the waters, and 
sometimes eovei'S one reef with lava, which in its turn is covered 
with another formation of coral. The growth of coral strnctures 
is so extremely slow, that centuries are required to produce any 
important progress. The rate of increase has not been deter- 
mined. 

Descr. The diameter of the circular reefs has been found to 
vary from leas than one to thirty miles. On the outside, the reef 
is usually very precipitous, and the water often of unfathomable 
depth. Pig. 194 is a view of one of these circular islands ia the 



south seas, called Whitsunday Isle; so far reclaimed from the 
waters aa to be covered with cocoa nut trees and with some haman 
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Deter. These ielets ocour abundantly in the Faoific Ocean, be- 
tween the thirtieth parallels of latitude. They abound also in the 
Indian Ooean, in the Arabian and Persian (Julfs, in the West In- 
dies, &c. Usually they are scattered in a linear manner over a 
great extent. Thus, on the eastern coast of New Holland, is a 
reef 350 miles long. Disappointment Islands and Duff's Grroup are 
connected by 500 miles of coral reefs, over which the natives can 
travel from one island to another. Between New Holland and 
New Guinea is a line of reefs 700 miles long, interrupted in no 
place by channels more than 30 miles wide. A chain of coral isl- 
ets 480 geographical miles long, has long been known by the name 
of the Maldivas. Some groups in the Pacific, as the Dangerous 
Archipelago, are from 1,100 to 1,200 miles long, and from 300 to 
400 miles broad. LyelPi Prin. Gtol, vol. 3, p. 367. Especially 
a «wi by Prof. Dana on Coral Reefs and Islands : New York, 
1853. 

Infusoria. 



epoi't ID a drop of water, should originate exteosire formatioDH of rooks sod 
soi[e bf tlieir skeletons. But tbe myeter; is expluaed whea we learn bow 
nstoniahing is their power of multiplication. The facts on this subject, how- 
ever, have been so fully detailed iq Section V. that nothing mope caa be 
profitably added in this place. 

Agency of Plants. 

Descr. Animal and vegetable substances, when buried in the 
earth, ot the waters, sometimes undergo an almost entire decom- 
position; at other times, this is very partial; and sometimes the 
change is so slow that for years scarcely no apparent progress is 
made. Different substances will be the result of these different 
degrees of decomposition. 

Descr, Berzelius embraces all the organic matter of soils in the 
generic term kuMiis. Dr. Dana uses the term geine as synony. 
mous with humus, when he speaks agricnltnrally. Berzelins sup 
poses humus to contain humic acid, humin, crenic, and apocreoic 
acid, and traces of glairin. Dr. Dana regards these as different 
forms of geine, which, when in a soluble state, may be taken up by 
the roots of plants ; but in an insoluble state, can afford no nour- 
ishment. When he uses the term geine, however, in a strict chem- 
ical sense, he means by it the same as the humic acid of Berzelius ; 
or a compound of 16 atoms of oxygen, 2 atoms of hydrogen, and 
16 atoms of carbon. This unites with bases, and forms geates, or 
humates. la some places, as on the western prairies, these or- 
ganic mattcini «f soUs moiease so as to form a layer several feel 
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thick; bat in general they are so much ueed in ihe nouriBhment 
of plants, that they rarely become more than a few inchea thick. 

Peat. 

Descr. Peat usually consista of soluble and insoluble geine, with 
a mixture of undecomposed vegetable matter, and some earths. 
Most of it results from the decomposition of certain mosses ; espe- 
cially of the genua sphagnum, which decay at their lower extrem- 
ity, while the top continues to flourish with vigor. Trees and 
whatever other organic matter happen to get into these peat bogs, 
soon became enveloped and assist to swell the amount. In some 
instances the beds have acquired a thickness of more than forty 
feet. 

Descr. In tropical ellmatea, except on high lands, the deoompo- 
Bition of vegetable matter is so rapid that it is resolved into its 
ultimate elements before peat can be produced. Hence peat ia 
limited chiefly to the colder parts of the globe. In Ireland, the 
peat bogs are said to occupy one-tenth of the surface, and one of 
them, on the Shannon, is 50 miles long, and_ two or three broad. 
lu Massachusetts, exclusive of the four western counties, the 
amount of peat has been estimated at not less than 120 millions 
of cords ; and probably this falls far short of the actual amount. 

Descr. By the long- continued action of water and other agents, 
the geine of peat ia changed into bitumen and carbon, which con- 
stitute lignite and bituminous coal. In~a few instances the process 
of bituminization has been found considerably advanced in the 
beds of peat Maccuilock's System of Geology, vol. 2, p. 352. 
Dr. C. T. Jac&son's Second Report on the Gmlogy of Maine, p. 
80. American Journal of Science, vol. 35, p. 345. 

Descr. Peat bogs are remarkable for their antiseptic power, or 
the power of preserving animal substances from putrefaction ; some 
remarkable oases of which are on record. DyeU's Prin. 6/eol., vol. 
3, p. 271. Whether this be owing to the existence of acetic acid 
in the peat, or to the conversion of the animal muscle into adipo- 
cere, seems to be not well ascertained. 

Descr. Peat bogs sometimes burst their barriers in consequence 
of heavy rains, and produce extensive inundations of black mud. 

Descr. The increase of peat varies so much under different cir- 
cumstances, that it is of no use to attempt to ascertain its rate of 
growth. On the continent of Europe, it is stated to have gained 
seven feet in 30 years. Maccuilock's System of Geology, vol. 2, 
p. 344. 

Descr. Where peat is formed in, or transported into estuaries, 
it is sometimes covered with a deposit of mud ; over this another 
layer of peat forms, and in this way several alternations may occur. 
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Descr. In some peat bogs, large treea have been found standing 
where they originally grew, yet immersed to the depth of twenty 
feet, as ia the Isle of Man. lA/eWs Frin. GeoL, vol. 3, p. 269. 



SupderlnQd. Wealboro' 

8oluble Geine or Humus . . 26.0U 48.80 

Insolubla do 6B.0O 43.60 

SulphaleofLime 4-48 I.S8 

Phosphate of do 0.72 0.12 

Silioiitea 9.20 B.60 

100.00 100,00 100.00 

Drift Wood. 

Door. Large rivers, which pass through vast foreata, carry down 
immense quantities of timber: When these rivers overflow their 
banks, this timber is in part deposited upon the low grounds. But 
much of it also collects in the eddies along the shores, or is car^ 
ried into the ocean. After a time it becomes -water-logged ; that 
is, saturated with water ; and sinks to the bottom. Thus a de- 
posit of entangled wood is often formed over large areas. This is 
subsequently covered by mud; and then another layer of wood is 
brought over the mud ; so that, in the course of ages, several alter- 
nations of wood and soil are accumulated. The wood becomes 
slowly changed into what Dr. Maeenlloch terms forest peat ; that 
is, peat which retains its woody fibre. 

Exam. 1. The Mlaaiaappi farniBhea the most remarkable example knomi 
of these Bccumulatione. In conHequeace of aome obstractiou in the arm of tha 
rWer called the Atcbiifalaya, suppoaed to have been formerly tha bed of the 
Red river, a tail had accumulated in 35 years, whieh ia 1816 wag 10 miles 
long, 220 yards wide, and 8 feet thick. Although floating, it is covered with 
living plants, and of course with soil. Similar rafts occur oa the Red river, 
aad one on the Waabita conoealed the aurtace for 17 leagues. At the mouth 
of the MieMaaippi. also, numeroua alternationa of drift wood and mud eiiat, 
eKtendiog over hundreda of aquare leaguea. Lyell's Prin. Geol,, vol 2, p. 8. 
AmeTiean Journal of Scienne, vol. 3, P- 1 7. 

Sxam. 2. Similar deposita of wood and mud are found iu tbe river Mac- 
keniie, whidi empties into the Nyrth Sea ; and in tha \aki^ through which 
it passes. At the mouth of the river, which is almost bejoud the region of 
vegetation, are exteosive deposits broi^ht fj'ooi the more southern regions 
through which the river pasaes. LyelF» Prin. Qeol., vol. 3, p. 310. 

Mxam. 3. A part of the drift wood which ia brought down the Mississippi 
Bud other rivers, along the const of America, ia cHrried Qorthward by the 
Gulf Stream, and thrown upon the coasts oi Greenland. The same thing 
happens in the baya of Spitzbergen and on the coasts of Siberia. Lyelli 
Prin. Otol.,\o\. 3, p. 31S. 

Inf. In the history of common peat and drift wood, we see the 
o'igin of the beds of coal whioh ezbt in the older strata \ for it 
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needs only that the layers of peat (in which term I inolade aub- 
merged drift wood) should be bituininized, and the interTening 
layers of sand and mad be consolidated, in order to produce a gen- 
uine coal formation. Common marsh peat alone can have origin- 
ated but a small part of the beds of eoai. Fhillips' Geol, p. 1 16, 



Consolidation of £• 

Rem, Hftving ia this and tha precediag sectione deajpibed a variety of 
DHturftl proeesaes by wLictajust such materials as form th« fosBiliferoua rocta 
are produced, it remaine to inquire whether any agents are now in operation 
to effect their consoliiiatioii. 

Frin. A considerable degree of solidity is sometimes produced 
by mere desiccation. 

Exam. 1. When clay is exposed for a long time to the aun. it bflcoraes as 
hard ae some rocks: — eiL gr. the marly elay dug from the bottom of Ijike 
Superior. LyeUa Prin. Oeol., toL 1, p. SH. 2, Some rocfcs, when dug from 
a considerable depth id the earth, in so soft a state as to be readily cut with 
a knife, beaome very bard on exposure fo the atmosphere. 

Prin. Carbonate of lime, conveyed in a state of solution among 
the loose particle of gravel, sand, clay, or mud, and there precipi- 
tated, becomes a very efficient agent of consolidation. 

Exam,. 1. On the shores of the Bermuda and West India Islands, exteDsiva 
aecumulations of broken shells, corals, and eand. are formed upon the shores 
by the waves; and these are aubseqaently consolidated, frequently into very 
hard rock, by the infiltration of the water which contains carbonate of lime 
in solution, llie femous Oaadaloupe roek, io which human skeletons, along 
with pottery, stone arrow heads, and wooden ornanieats, are found, is of the 
same iind. 2. The Mediterranean delta of the Rhone, is ascertwned to be, in 
a good measure, solid rock, produced by the numerous springs that empty 
into it, tW contain carbonate of lime in solution, Tha same is trne of tlia 
deposits at the mouths of other rivers in the south part of Italy^ but mora 
espedally on the east coast of tha Mediterraneao, where the anoient Sidon, 
formerly on the coast, is now two miles inland. Lyelts Prin, Oeol., vol. 1. p. 
4S3. 3. In Pownal, Vermont, three miles north of Williaia's College, large 
masses of drift are cemented by carbonate of Lme. 4. I have speoimens of 
a calcareous breccia from West Stookbridge, in Massachusetts, which was 
formed by the chips thrown off in liewing mai-ble, cemented together by the 
stream that passed over them, so as to be nearly ae solid as the original 
limestone. This was accomplished in seventeen years. 

Prin. Another agfent of consolidation is the red or per oxide 
of iron ; or rather the carbonate of iron ; since the per oxide is 
not soluble in water, without carbonic acid. 

Exam. 1. On the northern coast of Cornwall, En^.. large mftsses of drifted 
sand have been cemented by iron into rocks, solid enough sometimes to be 
employed tor budding stones. 2. A similar ease oceura on the coast of 
Earamania. and other parts of Asia Minor. De La Becke'a Afanual, p. 78. 
In the United States it is oonimon to find the sand and gravel of the drift 
uid tertiary strata, more or less ooosoUdated by the hytSated per oxide of 
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Prin. Silica dissolved in water, appears to have been, in former 
times, an important agent in consolidating rocks ; but at the pres- 
ent daj it seems to be limited chiefly to deposits from thermal 
waters ; since it is only water in this condition that will dissolve 
silioa ID much quantity. 

Exam. The deposits arouad the tieysere in Iceland, the Azores Island?, 

Prin. Heat is an important agent in the consolidation of rocks : 
the moat so when it produces complete fusion ; yet this is not 
necessary to the production of a good degree of solidification. 

Exam. Tlie inetancea are so «)mmoQ in the arts, (as in burning briolui 
pottery, porcelain, Ac,,) where he Ht aolidifiea ; and uIbo in the vieioity of »ol- 
caQOS, where loose iiiateriala have become very hard by the proximity of 
lava, that particular instaneea need not be pointed out 

Prin. In many of the cases that have been described, great 
pressure assists in the work of consolidation. Indeed, it is some- 
times sufScient of itself to bring the particles within the sphere of 
cohesive attraction. 

Exam. This principle is too well understood to require partionlar inatances 
to be pointed out. 

General InfereTUx from, this and the Preceding Section. 

Inf. From the facts detailed in this and the preceding section, 
it appears that all the stratified fossiliferoua rocks of any import- 
ance, may have resulted from causes now in operation. 

Pfoof and Exam. 1. Beds of cUy need only to be conaoliiialed to become 
day slate, graywacke slate, or shale. 2. The same is true of fine mud, 
S. Sand consolidated by earliaiuite of lime, will produce calcareous aandetone ; 
b; iron, ^rrugiiwus aaodsCoiie. 4. Drifl. in like miinner, will form conglom- 
erated of every age, according to varJHtions In the agents of consolidatiou. 
B. Marls need only to- be coneolidated to form argillaceous limcstonea ; and 
if Band be mixed with marl, the limestone will be eilioeous. 6, Coral reefa 
and deposits of travertiti, subjected to strong heat under pressure, will pro- 
duce those secondary liineatones that are more or Lesa crystalline ; but more 
of thia under the aeit seotlon. T. We have already aeen how beds of lignite 
and coal may be produced from peat and drift wood. 8, 'fbe formation of 
euch extensive beds of rock salt and gypsum, as occur in the secondary Bi:d 
tertiary rocks, is more difficult, to explain by any cause now iu operation. 
And yet in respect to the former, it is said that the lake of ludersk. 20 league* 
in circumference, on the steppsa of Siberia, has a crust of aalt on its bottom 
more than six uiohes thick, hard aa stone, and perfectly wbil:c. The lake of 
Penon Blanco in Mexico, yearly dries up, and leaves a deposit ot salt aufficiant 
to supply the country. Ures Geology, p. 37S. I have also described a 
somewhat aimilar cose at the lake of Ooroomiah in Persia. (SteSectioH HI.) 
And I was informed (April, 1842) by Mar Yohaniia, bishop of Ouroo- 
miah, when on a visit to thia country, aod fcho- resides near the north 
^d of that lake, that a small pond, covering about an acre, exista near hia 
resideace, which has a permaneat deposit of salt several inches tiiiek on 
iti bottoiB. It is separated from the late by a low narrow ridge of sand. 
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Aocordiug to Dr. Daubeuy, {Rtpori on Mineral Waters, p. 7,) tliLck beds of 
rock wit exist at the bottom of lake Eltoit, and of several other lakes adjoin- 
ing the Ca^piao Sea. Probably, however, Yoleaoic action was ooncerqed in 
the depoeitioQ of rock salt. The origio of gypauoi is moat probably eub- 
marina vulcanos, since we know of but very few springs that deposit it, and 
these (cK. gr. at Baden near Yienua) ]□ small quaotity. 

Rem. 1. It does not follow from the preceding inference that the cauBes 
of geological change now in action, have not operated during the deposition 
of the foasiliferouB rocks with greater energy tlian at present ; but only tbat 
they have been identical in nature, during the past and present periods. 

Sum. 2. We can better judge whether existing agents have produced the 
older stratified rocks, and the imstratified class, when we have examined the 
dynainiCB of igueous ageudes. 



SECTION TIIL 



KEO LOGICAL 



Def. Volcanic action in its widest sense, is the influence exerted 
by the heated interior of the earth upon its crust. Igoeoua agency 
has a Btitl more extensive signification ; embracing all the action 
exerted by heat upon the globe, whether the source be internal or 
external. The history of the former will prepare ua better to ap- 
preciate the inflaenoe of the latter. 

Prin. Volcanic agency has been at work from the earliest 
periods of the world's history ; producing all the forms and phe- 
nomena of the unstratified rocks, from granite to the most recent 
lava. Modern volcanos will first come under consideration. 

Drf. These are of two kinds, extinct and active. The former 
have not been in operation within the historic period : the latter 
are cons'tantly or int«rmittingly in action. 

Def. A voicam) is an opening in the earth from whence matter 
has been ejected by heat, in the form of lava, scoria, or ashes. 
Usually the opening called the crater, is an inverted cone ; and 
around it, there rises a mountain in the form of a cone, with its 
apex truncated, produced by the elevation of the earth's crust and 
the ejection of lava. The volcanic cones vary in height from 600 
feet (Stromboli,) to 17,730 feet, (Cotopaxi.) Humboldt on tke 
Superposition of Rocks, p. 408. 

Def. When nothing but aqueous and corrosive vapors have been 
emitted from a volcanic elevation for centuries, such elevation is 
called a solfatara, or fum^ok. 

Def. When volcanos exist beneath the sea, they are called sub- 
martne ; when upon the land, siAa&riai. 
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De3cr. Aa a geDeraJ fact, Tolcanic Tcnta are not insulated moon- 
tains, but are arranged in extensive lines, or zoses ; often Teaching 
half around the globe. 

Exam. 1. Pi^rhapa the most remarkable line of veata ta the long cliain 
ef islands commencia^ witb Alaska od the eoaat of Rusaian America, which 

Eaaaes aver the AieutlBH lales, Eamschatka, the Kuriliau, Japaoeee, Phil- 
ppioe, and Moluccao lalea, and then turning, indudes Sumbawa, Java, and 
Sumatra, and terminates at Barren Island in the Bay of BeiigaL 2, Another 
almoat equatij extensive line, commencee at the eouthem oxtreniitj of South 
America, and foUowLBg the chain of tlie Andes, -paaaes along the Cordilleras 
of Mexico, thence into California, and thence northward as far at least aa 
Columbia river ; which it crosses between the Pacific Ocean and the Rocky 
Mountains. Parher's Tour beyond the Rotty Moiinlaint. B. A Toltanio re- 
gion, 10 degrees of latitude in breadth, and 1.000 miles loue;. extending from 
theAzore blandslo the Caspian Sea,aboandfl JDTolannoa, though very much 
scattered. The region around the Mediterranean, is perhaps better known 
for volcanic agency than any otiier on the globe ; because no eruption occurs 
there unnoticed. 

Def. Volcanos not arranged in lines or zones, are called central 
voleanos, and are more or less insulated. 

Exam. Iceland, the Sandwich Islands, Society Islands, Island 
of Bourbon, Jorullo in Mexico, and a region in Central Aaia, of 
2,500 square geographical miles, from 800 to 1,200 miles from the 
ocean. He la Seake's Theoretical Geology, p. 130. 

Descr. The number of active volcanos and solfataraa on the 
globe, is estimated at a little over 300; (303.) Considei-al.ions 
Genei-ales sur les Volcano. SfC, par M, J. Girardin, p. 28, Paris, 
1831, and the number of eruptions about 20 in a year, or 2,000 in 
a century ; though on both these points there ia room for considera- 
ble uncertainty. 

The following table will show how the aotive toIohdos and solfatarae are 
distributed on the globe. 

OnConliaenM. On Islanda. TolaL 

Europe 4 20 24 

Africa 2 9 11 

Asia 17 S9 48 

America 86 28 114 

Oceaniea ; _108 JOB 

Total. lOfl 194 303 

Xkscr. 194 of these volcanos, or about two-thirds, are situated 
upon the islands of the sea ; and of the remaining third, the greater 
part are situated upon the borders of the sea, or a little distance 
from the coast. Girardin's Considerations, SfC., p. 25. 

Inf. Hence it is inferred that water acts an important part in 

volcanic phenomena ; indeed, it seems generally admitted that the 

immediate cause of an eruption is the expansive force of steam and 

gases. It onght not to be forgotten, however, that some volcanos 

18 
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are fer inland ; as Jorullo in Mexico, and the voloanoa in central 
Asia. 

Intertnitlent Vokartos. 

Descr. Only a few voleanos are constantly active ; in most 
oases their operation is paroxysmal ; and is auoceeded by longer or 
shorter intervals of repose. This interval varies from a few 
months to seventeen centuries. In the Island of Isohia, the latter 
period has been known to intervene between two eruptions. 

Inf. Hence some of the volcanos of America, generally regarded 
as extinct, (as Chimborazo, and Cargnairazo in Quito, Tacoza in 
Pern, and Nevado de Toluea in Mexico,) may yet break forth and 
show themselves to belong to the class of active volcanos. 

Phenomena of an Eruption. 

Deter. A volcanic eruption is commonly preceded by earth- 
quakes in the vicinity ; stillness of the air, with a sense of oppress- 
ion; noises in the mountain; and the drying up of fountains. 
The eruption commences with a sudden explosion, followed by vast 
clouds of smoke and vapor, with flashes of lightning, and showers 
of ashes and atones ; and finally by red hot lava; which flows over 
the rim of the crater and spreads over the surrounding country. 

Descr. Probably the most remarkable eruption of modern times 
took place in 1815, in the island of Sumbawa, one of the Molucca 
group. It commenced on the 5th of April, and did not entirely 
cease till July. The explosions were heard in Sumatra, 970 geo- 
graphical miles distant in one direction, and at Ternate in the op- 
posite direction, 720 miles distant. So heavy was the fall of ashes 
at the distance of 40 miles, that houses were crushed and destroyed 
beneath them. Towards Celebes, they were carried to the dis- 
tance of 2 1 7 miles ; and towards Java, 300 milea, ao as to occasion 
a darkness greater than that of the darkest night. On the I2th 
of April, the floating cinders to the westward of Sumatra, were 
two feet thick ; and shipa were forced through them with difficulty. 
Large tracts of eountry were covered by the lava; and out of 
12,000 inhabitants on the island, only 26 survived. 

Descr. During the great eruption of the volcano of Cosiguina in 
Guatimals, on the shores of the Paeific, in 1835, ashes fell upon 
the island of Jamaica, 600 milea eastward ; and upon the deck of 
a vessel 1,200 miles westward. American Journal of Science, 
TOl. 33. p. 53. 

Descr. The situation of Yeauvius and Etna has made their his- 
tory better known than that of most volcanos. Eighty one erup< 
tioM of tike latter are on record, since the days of Thneydtdes ; 
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and thirty-BeTen of the former, since the first century of the Chris- 
tian era. That which occurred io Vesuvius A.D. 79, is best 
known, from the feet that it buried three cities, Hereulaneum, 
Pompeii, and Stabiae ; which were flourishing at its base. Not 
much melted lava appears to have been thrown out at the erup- 
tion, which consisted chiefly of lapilli, sand, and stones. Hence it is, 
that almost every thing enveloped in those cities; — streets, houses, 
inscriptions, papyri, (manuscripts,) grain, fruit, bread, condiments, 
medicines, &c., &c., are in a most perfect state of preservation. 
They are, indeed, perfect examples of fossil cities I Lyell's Prin. 
Geol., vol. 2, p. 189. Br. James Johnson's Philosophy of Trav- 
eling, p. 232. 

Msm. The vast qunntitj of aqueoua vapor that esoapea during a sokaoio 
eruption, is often oondeDaed and descends in torrents of raio, which fiUling 
upon the aehes, which the volcano has cast out, converts them into mud ; and 
it was probably nioatly mud that eDTeloped Pompeii, though Herculaneum 
appeara to liave been covered with melted matter. Mud re^y formed, how- 
ever, not unfrequeolly ia emitted from voleaoos. 

Descr. In the year 1759, in the elevated plain of Malpaia in 
Mexico, which is from 2,000 to 3,000 feet above the ocean, and at 
the distance of 125 miles from the sea, a volcanic eruption took 
place, producing sis volcanic cones ; now varying in height from 
'200 to 1,600 feet. Around these cones, and covering several 
square miles, are a multitude of small cones, from 6 to 2 feet 
high, called hornitos, which continually give off hot aqueous vapor 
and sulphuric acid. 

Reiit. There ia atill a diversity of opinion aa to the manner in which vol- 
canic conea are formed. Yon Bucb, the distinguished Prusaian geologiati 
niaiutoina that a large part of the cone is produced by the upheaving of the 
strata, and that the crater, which in sueh casea he calla a erater of etsi^ativrt, 
results from the fracture at the aumuiit. Upon tbia elevated niaaa lava ac- 
eamulateB. Other geologiata auppoae the cone to bo entirely formed of lava, 

OesiT. Sometimes during a violent eruption, the whole moun- 
tain, or cone,' is either bl^wn to pieces, or falls into the gulf 
beneath, and its place is afterwards occupied as a lake. 

Exam, 1. In l'I73, the Fapaodayaog, a large tdIoiiuo iu the ialaud of Java 
after a abort and severe eruption, fell in and diaappeared over an extent ]5 
miles long and 6 broad ; burjing 40 villagea, and 2,9&'7 iababitonta, 2. In 
1038, the I^c, a volcano in the ialand of Timor, aa high as to be viaible 800 
miles, disappeared, and its place is now occupied by a lake. 3. Many lakes 
b the south of Italy are supposed to liare been thus formed. BakewetFi 
Qtotogy, p. 2flB. 4. A volcano occupying the earae apot aa the present Ve- 
euviuB, is supposed thus to have been destroyed in "10, and its remaius to 
conatitute the circular ridge, called Somma, which ia aeveral miles iu diame.- 

Dynamics of Vokanic Agency. 

Prin. We oaa form an estimate of the power exerted bj vol- 

oanio agenoyi fram three (^cumatonoea ; first, the unoont of lava 
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Erotruded ; secondly, from the distanoe to which masses of rook 
ave been projected ; and thirdly, by calculating the foree requisite 
to raise lava to the tops of existing craters from their base. 

Descr. Vesuvius, more than 3,000 feet high, has launched scoria 
4,000 feet above the summit. Cotopaxi, nearly 18,000 feet high, 
has projected matter 6,000 feet above its summit ; and once it 
threw a stone of 109 cubic yards in volume, to the distance of 
nine mites. 

Deter. Taking the specific gravity of lava at 3.8, the following table will 
show the force requisita to cause it to ftuw over tbe tops of the eeveral Tol- 
cauos whose names are girea, with their heiglit above tbe sea. The initial 
velocity which sucli a force would produea, la also given io the last columQ. 
^„„„ Height Fores exerted InlUal veloHty 

"™^ in feet. upgnlhaLava. perBeoDiid. 

Stromboli, (bigheat peak,) . . 2168 lYe AtmoapheriH. 371 feet. 

VeeuviuB, 38M 314 19S 

JoruUo, Mexico, 294S 819 602 

Hecla, loelaud BlOB 413 BlO 

Etna, 10892 8S2 883 

Teueritre 12464 1009 896 

Muuna Ken, Sandwich lelea, . ]4'20U 1191 966 

Piipocatapell, Meiico, . . . 1M12 1435 1062 

Mouut Elias 18079 1465 1072 

Item. There can be but little doubt but the chimney of a volcano extende 
generally 39 much below the level of tbe sea, as it does above; and often 
probably fifty times as deep; so that the actual force presBing upon the lava 
in its reservoir, may be far greater than the second column of tbe preceding 
table represents ; and the mitial velocity much greater than in the third 

Descr. The amount of melted matter ejected from Vesuvius in 
the eruption of 1737, was estimated at 11,839,168 cubic yards ; 
and in that in 1794, at 22,435,520 cubic yards. But these quan- 
tities are small compared with those which Etna has sometimes 
disgorged. In 1660, the amount of lava was 20 XimeB greater 
than the whole mass of the mountain ; and in 1669, when 77,000 
persons were destroyed, the lava covered 84 square miles. Tet 
the greatest ernption of modern times was from Skaptar Jokul in 
Iceland, in 1783. Two streams of lava flowed in opposite direc- 
tions; one of them 50 miles long and !2 broad; and the other -10 
miles long and 7 broad : both having an average thickness of 100 
feet ; which was sometimes increased to 500 or 600 feet. Twenty 
villages and 9,000 inhabitants were destroyed. lyeWs Prin. 
Geol., vol. 2, p. 254. 

New Islands foTTned by Volcanic Agency. 

Descr. History aboimda with examples of new islands rising out 
of the sea by volcanic action. Such were Delos, Rhodes, and the 
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CyclftdeB, situated in the Grecian Archipelago, and desoribecl by 
Pliny the naturalist, and other ancient writers. In more modern 
times, small islands have risAQ in the Azore group : such as Sab- 
rina in 1811, which was 300 feet high, and a mile in circomfer- 
ence; but after some months it disappeared; another in 1720, was 
six miles in circumference. In 1707, the island called Isola 
Nuova, was tlirown up near Santorini, and continues to this day. 
Just before the great eruption of Skaptar Jokul in Iceland in 
1783, a new island appeared off the coast; which, however, auhse- 
quently disappeared. In 1796, a new island rose to the height of 
350 feet, having two miles of circumference, in the Aleutian 
group, east of Kamtschatka, which is permanent. In I806another 
permanent island rose in the same vicinity, four geographical 
miles in eircumference. In the same archipelago, in 1814, another 
peak arose, which was 3,000 feet high; and which remained stand- 
ing a year afterwards. In those cases where the cone does not 
sink back beneath the sea, it is probably composed of the more 
solid lavas, such as trachyte, or basalt. So late as ISSl, a new 
island appeared near Sicily in the Mediterranean, rising to the 
height of 220 feet, and after exhibiting volcanio phenomena for 
some time, it disappeared. Girardin's Consideratiom, ^-c., sur les 
Yokans, p. 31. Poulett Scrape's Consideralions tm Volcarwi, p. 
172, London, 1825. I^e/l's Frin. Geol., voi. 1, p. 288. Bake- 
well's Geology, p. 261. 

Rem. 1. Id some iQalEuicea the LslaDds thus raised, are composed m^aly of 
the roeks which form the bottom of the sea ; acd which has Iweu upheaved ; 
as the island of New Kameaoi, near St. Eriai, which rose in llOJ, and which 
was composed partly of limestoue and covered with living sliells. 

Rfm. 2. These islands are not always raised to their full height by a 
single parosysm of'the volcanio force; but by ft HUCceBsion of efforts for 
months and even years. 

Descr. Very many large islands appear to be wholly, or almost 
entirely, the result of volcanio action ; and to he composed chiefly 
of lava and rocks upheaved by volcanio action ; such as sandstone 
and limestone; ei. gr. the Sandwich Islands; of which Hawaii, 
the largest, contains 4,000 ecjuare miles of surface and rises 18,000 
feet above the ooean : Teneriffe, 13,000 feet high; Iceland, Sicily, 
Bourbon, vSt. Helena, Tristan d'Aeunha, the lladeira, Faroe and 
Azore Islands; a great part of Java, Sumatra, Celebes, Japan, 

Character of Molten Lava. 

Descr. Lava in general is not very thoroughly melted ; so that 
when it moves in a current over the country, its sides form walla 
of considerable height, and a crust. soon forma over its surface, 
which aervea atUI more to prevent its spreading out laterally. 
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Bern. Heuce a lata onrrent majr be deflated from its oourse by breitlrinE 
away ita crust on <me eide; and in this way it ba« aometimeB Men turned 
away from towns that were Ihreateoed by it. In one inatanie, tba iohabiV 
ants of CHtaiiia attacked a lai-a euirent and turned it towards Paterno, whose 
inbabitiintB took up arma and aireated the operation. LydVt Prin. Qeol^ toI,- 
2, p. 213. 

jDescr. .The crust that forms upon lava soon becomes a good 
non-conductor of heat; and hence the masa requires a long time 
to cool: ex. gr. the case of Jorullo in Mexico, 1,600 feet h^h, 
which was ejected almost 100 years ago, but is not jet cool. The 
lava thrown out of Etna in 1819, was in motion, at the rate of a 
yard in a day, nine months after the eruption : Scrope on, Vokanos, 
p. 101 ; and it is stated that lava from the same mountain, at a 
previous eruption, was in motion after the lapse of ten years. De 
Jja. Beche's TlieoreticaJ Geology, p. 135. 

Sem. Tliis exptaina a cnriaiiB fact. In 182g. a maaa of i«a was found on 
Etna, lying beneath a eurrent of lava. Probably before this flowed orer it, 
the ice ini({ht have been covered by a shower ot voleanic aehea, which are a 
good uonnionduotoc of heat, and might prevent the immediate meltiug ot it, 
while tlie superimposed lava has preserved it from the period of its eruption 
to the present. 

Descr. Wten lava is thrown out upon the dry land, with only 
the pressure of the atmosphere upon it, it is apt to become vesicu- 
lar and aeoriaoeoua; but when cooled slowly and under great 
pressure, it becomes oompaot and may be even crystalline. 

Volcanoi constantly Active. 

Descr. A few volcanic vents Lave been constantly active since 
they were first discovered. They always contain lava in a atata 
of ebullition ; and vapors and gases are constantly escaping. 

Sxam. 1. Stronboli, one of the Lipari Islands, has been observed lonzer 
probably than any volcano of this elass ; and for at least 2,600 years it haa 
been unremittingly active. The lava here never flows over the lop of ths 
crater ; though it is sometimes discharged through a fissure into the sea, kill- 
ing tbe fish, whieb are thrown upon the shore ready cooked. It ia said to 
be more active in stormy than in fair weather ; likewise more so in winter 
than Id summer: a fact eiplainedby tbe different degrees of pressure exerted 
by the air upon tbe lava at ditterent times. When the air ia light, the inter- 
nal force predominates ; but when heavy, it restrains tbe eaergy of the vol- 

Exam. B. In Lake Nicaragua ia a volcano which is constantly burning. Vil- 
lai'ica in Chili, so high as to be seen ISO miles, is never quiet. The aame is 
said to be tbe case with Popocatepetl, in Mexico, wbich is nearly 18,000 feet 
high. Ever since tbe couqucst of Mexico it has been pouring forth smoke. 
Oitardin'i Considerations, dc. p. 188. 

Exam. 3- But the most remarkable volcano on the globe is that 
of Kirauea or Kilauea, in the Sandwich Islands, on Sawaii ; for 
the first accurate account of which we are indebted to American 
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mtssionarlea. American four, of Science, vol. !1, pp. 1, and 362, 
Eev. Messrs, Stewart and Ellis, the first an Ameriean, and the 
latter an English missionary, have both given us most graphic and 
thrilling descriptions of it. It appears to he situated upon a plain 
8,000 or 10,000 feet above the ocean, and at the foot of MoTtna 
Boa, In approaching the crater, it is neoeasary to descend two 
steep terraces, eaoh from lOO to 200 feet high, and extending en- 
tirely around the volcano. The outer one is 20, and the inner one 
16 miles in cu-cumference ; and they obviously form the margin 
of vast craters, formerly existing. . Arrived at the margia of the 
present crater, the observer has before hini a crescent- shaped gulf, 
1,500 feet deep, at whose bottom, which is from 5 to 7 miles in 
circumference, tlie top being from 8 to 10, is a vast lahe of lava, in 
some parts molten, in others covered with a crust ; while in numer- 
ous places (some have noticed as many as 50 at once) are small 
cones, with smoke and lava issuing out of them from time to time. 
Sometimes, and especially at night, such masses ot lava aie forced 
up, that a like of liquid fire not less than two miles m circumfer 
ence, is seen dashmg up its angry billow and furmmg one of the 
grandest and most thiillmg obiects that the imagination can con 
oeive. Fig IJ'J is o view ot this volcano taken by Mr Ellis, 




Valeano of MXruMa : Sandmick Iilimda. 

Rem. A. powerful eruption, of this volcano took place in May and June, 
1B40. For aeveral years the gi'est gulf had been gradually filling up until it 
was not more than 900 feet deep. At length the lava found a subtecrnnean 
passivgH, nnd lluwed 8 milea uniloi' giuuiid, when it reathed the aurface, and 
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thm admnoed SG miles further ; and for three weeks contiiined to pour into 
tlie sea a stream of red hot lava vith frigihtfut biEela^s and detonalioDB, 
Missionam/ M^ald for July, 1841. Account by Rev. Mr. Coait, American 
Miaalonary. 

Seat of Volcanic Power, 

Prin. Volcanic power must be deeply seated beneath the earth's 

Proof 1. The melted lava is forced out from beneath the oldest 
rocks; aa gneiss and granite; for maaaea of these rooks are fre- 
quently broken off and thrown out. 2. Lin^ or trains of volca- 
noa indicate some oonneotion between the vents ; and the great 
length of these lines, several thousand miles in some instaaoea, can 
be explained only by supposing that the fissure or cavity by which 
the connection b made, must extend to a great depth. 3. When, 
in 1783, a submarine volcano, on the coast of Iceland, ceased to 
eject matter, immediately another broke out 200 miles distant, in 
the interior of the island. 4. Were not the power deep-seated, 
voloanos would become exhausted ; aa they sometimes throw out 
more matter at a single eruption, than the whole mountain melted 
down could supply. 

Earthquakes, 

Descr. Earthquakes almost always preoede aToloanio eruption; 
and cease when the lava gets vent. 

Inf. 1. Hence, the proximate cause of earthquakes is obvious: 
viz. the expansive efforts of volcanic matter, confined beneath the 
earth's surface. 

Inf. 2. Hence, too, the ultimate cause of volcanos and earth- 
quakes is the same, whatever that cause may be. 

Ikscr. Earthquakes are said to be preceded by great irregular- 
ities of the seasons ; by redness of the aun, haziness of the air, vio- 
lent winds, succeeded by dead calms, and the like ; but it is doubt- 
ful whether these precursors be not more ima^nary than real. 
That electric matter, or inflammable gas, or fire, should issue from 
the soil with mephitic vapors; that noises, like the trundling of 
carriages and the discharge of artillery, should be heard beneath 
the ground; that something like sea-sickness should be expe- 
rienced; and that animals should show greater alarm than men, 
are all easily believed ; because they are effects naturally resulting 
from the known phenomena. 

I>escr. During the paroxysm of the earthquake, heavy rumbling 
noises are heard ; the ground trembles and rooks ; fissures open on 
the surface, and again close, swallowing up whatever may have 
fallen into them ; fountains are dried up ; rivers are turned out of 
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their courses ; portions of tiie suriaee are elevated, and portions 
depressed ; and the sea is agitated and ttrowa into vast billows. 

Exam. The casea that might be mentioned, of cities and towns, wlioUy or 
in. part aabnierged by tlie ocean, in oonsequeuoa of eartliqiislies, are very 
QumerouB. In Uie year 8t6, Mount Acracee is said to havH fallen into tlia 
sen; in 541, Pompeiopolia was half awaliowed ap; in 1682, a part of Port 
Royal in the Wast Indies was sunk; in 1755, apart of Lisbon; in 1812, a 
part of OacaeOBS. About the same time numerous earthqaakes agitated the 
vailey of tbe Mississippi, for an extent of 300 miles, fiom the mouth of the 
Ohio, to that of the St. Franias, whereby numerous tracts were sunk down 
and others raised, lak^s and islands were formed, aud Che bed of the Missis- 
sippi was exceedingly altered. In 1819. tbe bed of the Indus, at its month, 
was sunk 18 feet, and the Tillage and port of Siodree submenged. At the 
same time a tract of the delta of the ludns, 60 miles long and 16 broad, was 
elevated about 10 feet. In Caraooae, in IISO, a forest was aunt over a space 
of 800 yards in diameter, to the depth of 80 or 100 varda. In 1788, a large 
part of Calabria was terribly conviused by earthquakes, over an area of 600 
square miles. The shocks laated for fbar years; in 1783, there were 9i9, 
and in 1*784, 151. A vast number oE fisaurea of every form were made in the 
earth, and of course a great many local elevatious and subsidences ; wbir.h, 
however, do not appear to have eseeeded a few feet. In some snudy piaina, 
aingular circular hollows a few feet in diameter, and in the form of an in- 
verted cone, were produced by the water, which was forcad up thiougli the 
soil Some of these are eKhibited oh Fig. 196. 



Fig 196 




Holeofonred by an Sari/ j«ale 
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vbole dietanee tbe trees are atandiiig in the bottom of the sfreain. at an STer- 
age depth of twenty feet ; only that part of them l^ve bigli water mark be- 
id;; broken off. He eould diacoyer do evidence that this trocl had sep^irated 
froni the bnak of the river. But the whole region appears to be one of ex- 
tinct volcano*, and the river paases throngh hills and walla of basalt, and moat 
Crobably this is a ease of subaidenoe from an earthquake. The baaks are too 
igb and rocky to admit of the explatiatiou that a lake has been formed by 
the river cutting through its levee, aod overtlotving the adjacent low ground, 
whereby, along the MiaeisBippi, a lake with trees standing in it, ia sometiiix^ 
produced. Parker't Mxplonng To-ar beyond the Rocky Momitamt, p. 133. 

The moat extenaive elevation of land ou record bj meana of earthquakes, 
took place oa the western coast of South America in 1BS2. The shock was 
felt 1,200 miles along the coast ; ajid for more than 100 miles the coast was 
elevuted from three to four feet; and it is conjeotured that an area of 100,- 
000 square miles was thua raised up. This ease, originally noticed by Mrs, 
Graham, and subsequently bj Dr. Meyen and Mr. Freyer, has excited a great 
deal of diecuBsion among European geologists; uor can it yet be regarded aa 
absolutely settled ; for Mr. Cummiiig, an able naturalist, who resided at Vol' 
pariuso a.t the time of tbe earthquake, (whose greatest power was eibi)»ted 
there,) says tlist the sj^riog tides rose to the same height upon a wall near 
hb home aftei' the event as before. LyeU'e PHn, ffeol., vol. I, p. 302. 

Rem. 1. In estimating the permanent elfecM of earthquakes, it ought to be 
recollected that tbe chsngeg of level which they produce, often balance one 
another, after tbe lapse of a few months or years. 

Rem, %. The number of earthquakes is probably about the same as that 
of volcanic ernptiona, viz. about twenty annually. 

Vertical Movements of "Land, without Emthquakes. 

Descr. It seems to be pretty well established, that variaua parta 
of our present cootinents are subject to vertioEil movemeats, either 
of eIeya,tion or depression, or of both, in alternation ; and that too 
in districts not known to be subject to the action of eartliquakea, 
or of volcanic agency in any forin. 

Exam. 1. The moat certain example of elevation of an extensive tract of 
country in oomparatively recent times, is that of the northern shores of the 
Baltic, investigated wiUl great abihty by Von Buch and LyelL Some parts 
of the coaat appear to have experienced no vertical inovemeoL But from 
Oothenbul^h to Tomeo. and from thence to North Cape, a distance of more 
than 1,000 geographical miles, the country appears to have been raiaed up 
from 100 to 7O0 feet above the aea. The breadth of the region thus elevated 
IS not known, and the rate at which the land rises (in some places towards 
four feet in a century) is different in difierent place. The evidence that such 
a movement ia takii^ {>lacc, is principally derived from the sheila of molluscs 
now living in the Baltic, being found at the elevations above named ; and 
some of the barnadee attached to the rocks. They have been discovered 
inland in one instance 70 miles. Zyetl's Frin. GeoL, vol. 1, p. 137. 

The upward movement appears to have varied considerably in 
different localities, and in 2ie southern part of Sweden the land 
would seem to have sunk instead of rising. J^elVs Manual, p. 
46, 1852. Robert Chambers has shown from the terraces that a 
district in Fiumark, 40 geographical mUea in extent, has gunk 58 
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feet at one extremity, and risen 96 feet at the other. Sdin. New 
Phil, Journal, Jan. 1850. 

Exam. 2. Di-. Pingal, ft Danish naturalist, luia made it probaWe that tha 
coast of Greenland, for 600 mllcB in a north and south directioD, has been 
Binltiug beneath the ocean bj a alow and LnaeDsible raovemeot. Both Oreeo- 
land and Scandinavia are remarkubly free from earthqnake action. 

Exam. 3, Mr. Darwin baa shonn, beyood all qnestion, that the eastern 

Sart of South America has been raised in the most qaiet manner, -without 
isturbingtbehorizonlftlityoftheatrata, from 100 io 1.400 feet, 1.180 miles 
in extent, since the drift period. It is difScult to explain such a movement 
by common earthquake notion. Darmti't Geol. Obi, oh S, America, p, 16. 

Exam. S. In Scotland. England, and Wales, beaches of existing sea shells 
are fonnd in many places at varioue altitudes, from a few feet to 1,000 feet. 
Qu4w(er/y Jowrnal of Otology. Aug. 1852; p. 372. 

Exam- 4. In this country the examples are numerous in which raised 
beaohea contain eiiating species of sea ahella, as already mentioned, to tha 
height of 600 feet; aa at Lubeo and Portland in Maine; near Montreal; in 
Vermont; near TJostou. Maaa.; and Brooklyn, N. Y. In Section VI, more- 
over, I have attempted to show that we liave evidence in terracea and raised 
beaches, of the gradual elevation of our continent at least 2,600 feet, without 
any disturbance even of the materiala of beachea and terraces, and therefore 
not probably by any paroxysmal force hke an earthquake. 

Exam. 5. Darwin and Dana have shown that over a wide area of the Pa- 
infic ocean, a part of the islonda are rising, and a part sinking by a sort of 
see-saw movement. 

Rem. Thec! 
qnakea, will b 

Submarine Fbrests. 

Descr. On the ahoees of Great Britain, France, and the United 
States, usually a few feet beneath low-water mark, there occur 
trees, stumps, and peat, seeming to be ancient swamps, which have 
subsided beneath the waters, sometimes t* the depth of ten feet. 
In many cases the stumps appear to stand in the spots where they 
originally grew; yet it requires great care to ascertain thif fa^J. 
Fun- localities, see De La Beche's Mannal, p. 151. LyelTs Prin. 
Ged., vol. 2, p. 48, 80; vol. 3, p. 315, and vol. 2, p. UO. Final 
Report OK the Gki^ogy of Massachusetts, p. 307. 

Origin of Submarine Forests. It is probable that this phe- 
nomenon results from several causes. I. When the barrier be- 
tween a peat swamp and the sea is broken through, so that the 
water may be drained off, a subsidence of several feet may take 
place in the soft spongy matter of the swamp, sufficient to bring 
it under water. 2. From a case which I have described on Hogg 
Island, in Casco Bay, (Boston Journal of Natural History, vol. 1, 
p. 338,) I have inferred that some submarine forests may have 
been produced by the gradual removal of the contents of a peat 
Bwamp, by the retiring tide, after the barrier between it and the 
bceam has bedn removed so as to form a slight slope iato ^e Kft. 



Hcssdb, Google 



300 

At the spot referred to, the process may be seen partly completed. 
3. But probably most submarine forests fffcre produced by earth- 
quakes, or other causes of subsidence, which we find to have oper- 
ated on the earth's surface ; and the explanation of which will be 
better imderstood after the statement of more facts relating to 
igneous agency. 

Thermal Springs. 

Descr. Hot springs are very common in the vicinity of vol' 
canos ; such as the well known geysers in Iceland. Some of these 
are intermittent, probably in consequence of the agency of steam 
within subterranean carities. The great geyser consists of a basin 
56 by 46 feet in diameter ; at the bottom of which is a well 10 
feet in diameter and 78 feet deep. Usually the basin is filled 
with water in a state of ebullition ; but occasionally an eruption 
takes place, by which the water is thrown up from 100 to 200 feet, 
until it is all expelled from the well, aud there follows a column 
of steam with amadng force and a deafening explosion, by which 
the eruption is terminated. These waters hold silica in solution ; 
as do those of the Azore Islands ; and extensive deposits are the 
result. The coating over of vegetables by this siliceous matter, 
has given rise to the common opinion that certain rivers and lakes 
possess the power of rapid petrifaction. 

Zteaw. Thermal springs are not confined to the vicinity of vol- 
canos. They occur in every part of the g^obe ; and rise out of 
almost every kind of rock. They frequently contain enough of 
mineral substances to constitote them mineral waters. But one 
of their most striking properties is the evolution of gas; such as 
carbonic acid, nitrogen, oxygen, sulphuretted hydrogen, &c,, in 

fr^ state. 

TAeory of Thermal Springs. When these springs occur in vol- 
canic districts, their origin is very obvious. The water which per- 
colates into the crevices of the strata, becomes heated by the vol- 
canic furnace below, and impregnated with salts and gases by the 
sublimation of matter from the same focus. Dr. Danbeny, who 
has devoted great attention to this subject, has also endeavored to 
show that the thermal springs not in volcanic districts, in a large 
majority of cases rise either from the vicinity of some uplifted 
chain of mountains, or from clefts and fissures caused by the dis- 
ruption of the strata ; and therefore, in all such cases are probably 
the result of deep-seated volcanic agency, which may have been 
long in a quiescent state. If this view of the subject be not abso- 
lutely proved, it is at least extremely probable. Report on Min- 
eral and Thermal Waters, by Prof. Davbeny, 1836, p. 62. 
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Descr. Many writers maintain that there is a marked difference 
between the matters ejected from active and estinot Tolcanos. It 
is said that the more modern lavas have a harsher feel, are more 
cellular, and more vitreous in their appearance, and also less fels- 
pathio than the ancient. Girardin's Oonsideratiotts sur les 
VokanSj'p. 13. De La Beche's Manual'p. 126. But it is donht- 
ful whether any character will satisfactorily distinguish them, ex- 
cept the period of their eruption. 

Descr. The estinct voloanos are of very different ages. Some 
of them were active during the tertiary period, some during the 
drift period ; and some since that time. The lava, especially in 
the most ancient, was not always ejected from conical elevations, 
so as to form regular craters, but along extended fissures. In 
some instances, as a mountain called the Puy de Chopine in Au- 
vergne, which stands in an ancient crater, and rises 2,000 feet 
above an elevated granitic plain, itself about 2,800 feet above the 
sea, there is a mixture of trachyte and unaltered granite. 

Exam, 1. The extinct toIcbqos of Auvargne, and the soutli of France, have 
loag eioiteil deep interest ; and ha^e been fully illustrated hy Soropa, ^te- 
■well, and others. Near Clermont, the landaeape has as decidedly a volijanio 
aspect as in any part of the world ; of which Fig. 197 will cooTey some idea. 

Fig. 197. 




Extinct VoUanot: Ataiergne. 



2. Estinct voloanos exist also in Spain, in Portugal, in Gei many, along the 
Rhine, in Hungary, Styria, Transylvania, Asia Minor, Syria, aad Palestme. 
To the east of Smyrna in Asia BLnor, is a region called the Burnt DiatrUt, 
(Katakekaumena of the Greeks,) beaausa it shows auoh striking marks of es- 
tinot Toleanos. In the valley of the Jordan, aapcaially around lake "fibeplHa, 
extending as £ir north-west as Safed, voleanJo rocks abound, with warm 
springB and occasional earthquakes. Robinson and Bmith'a Biblicai Re- 
learcKes i» Palestine, lic., vol. 3, p. 312. 

Deaer. That the region oecupiol by the Dead Sea has been some time or 
other the aeat of vulcanic aclion, can baidly be doubted. For a lake so 
charged with saline matter as this, and producing bitumen, and having more- 
over cliffs of rock aalt upon its margin, with sulphur ocoaeionallj, and being 
depressed mora thaji 1,300 feet below the level of the Mediterranean, 
must be referred to such an agency. Robimon and Smith, vol. 3. p. 221. 
An d it has been usual to suppose that the five ancient cities, Sodom, Go- 
morrah, Admah, Zeboim, and Zoar, which undoubtedly occupied what is now 
the southeni part of the Dead Sea. were destroyed \ij a volcanic emptian. 
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There is a pau^e in the Book of Job, (chap. S2, v. IS to 20,) wbich, if it r«- 
fer ta*that catastrophe, lends much probabilitj to this BuppoaiUon. Or 
HeudersoQ thus traDalatea the paasage. 

" Hast thou obeerved the ancient tract 
That WBfl trodden by wicked morlali, 
Who were arrested on h audden ; 
Whose foundation is a molten flood I 
Who said to God, depart from ua, 
What cau Sbaddai do to us t 
Though he had filled their houBea with wealth. 
(Far from me be the counsel of the wkked 1) 
Tie righteous beheld and rejoiced, 
The inaoceat laughed them to Bcora ; 
Surely their substance was cajried awaj. 
And their ricbea deToured b^ fire." 

Rtm, It ma; still be doubted whether an eraptiOD has takeo place in the 
vicinity of tbe Dead Sea so ceoently as the time of theovei'tlirowof the oitie* 
of the plain. Indeed, my own eonriotions are, after reading the aoeounta 
given us by modera travellers and missiouaries, especially by Bobiuioa and 
Smith, thaJ. this r^oa ia to be ranked among the extinct, and oot among the 
active volcanos. Dr. Robinson states that tbe rocks whiob coastitute the 
mount^s around the Dead Sea, are limeatune, and says that " he is not 
aware that tbe dark basaltic stones so frequent around the lake of Tiberias 
have even been discovered in its vicinity," except a large epe{^men of augitic 
vesicular lava, foulid by Rev. Mr. Hebard near the month of the Jordan, 
Reteaicket, ific., vol. 2, p. 231. I poaseas, however, a specimen of darkporoua 
Uva, presented to me by tbe Rev, Mr. Homes with this label ; " from a 
mound once surrounded by water on the shores of the Dead Sea." I under- 
stood from thSt gentleman, who, himaelf, picked up (he specimen, that the 
mound, or hummock, waa compoaed of the same. It is impossible, however, 
to determine from the appearance of a aingle Bpeoimen, whether it is the pro- 
duct of an active or an extinct volcano, or whether it may not belong to a still 
earUer period. It does prove, however, that igneous rocks have been pro- 
truded near the Dead Sea at a comparatively recent epoch. The specimen 
found by Mr. Uebard, of which I possess also a fragment, is more decidedly 
vesicular than I have ever sees any greenstone or basalt. 

DeiicT. " Profeaaors Michaelis and Busching suggest, that Sodom and Qo' 
morrah were built upon a mine of bitumen, that lightning kindled the com- 
bustible mass, and that the dties sunk in the subterranean conflagratioEL" 
Sacgc Rtlig. Knoidedge, Art. Dead Sea. Messrs. Bobinaon and Smith have 
reeeutly enggeated this bypotheue anew, and more fully illustrated it, by 
reference to tbe pitch lake of Trinidad, and Che remarkable protrnaion of an 
unmelted basaltic dyke in 1820, in the island of Bonda. Am. Mb. Repot. 
Jan. 1810, p. 24, also Biblical Researches in Palestine, <S:e., vol, 2, p. 889. 
fiee Objteliona to thin hypotheait by Dt Lee. Am. Sib. Repos. April, 
1840, p. 334. The principal difficulties in the way of this hypothesis are, 
first, to see how tbe bitumen, buried beneatli a considerable thickness of soil, 
oould have burnt rapidly enough suddenly to destroy thedties and their in- 
habitants ; Mid secondly, to cooceive of a bed of lutumen ao thick, as by ita 
combustion to sink the aurface from the present high water mark to the 
bottom of tbe sea. Dr. Robinson deaoribea the high-water mark as seen by 
him '' a great distance," south of the margin of the Sea at that time. The 
■ar&ce, therefore, must have suffered a great depression. Would it not 
•omewhAt relieve these difficulties to suppose volcanic action comtuoed with 
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the combustiDn of the bitumen. So geoIo^Bt will doubt the eoneetneaa of 
Von BucL'b opinion, that a fault exteniS from the Red Sea through the valUy 
of Arabah and Ihe Jordan to Mount Lebaunn ; and along that fissure we 
might expect volcaaie agency to be active. But it might have produced 
yerf striking eSecta without the ejection of lava, Ejirthquakes Bometifues 
cauae the surface to sidIi down m&tij feet, and flames have been seen to issue 
thrOHgh the fiasurea which they ptoduoe. Thua might the iliine pits (literally 
weWs (>^aspAa/(«ni) have been aet on lire, immeoae volumesof steani,Bniuke, 
and suffocating vapors hare been act at libert;, perhaps, too, the remat-kable 
ridge of rock salt called uadum, have been protruded, mid tinatly, hj the sub- 
sidence of the surface afier the destruction of tlie cities, might the waters of 
the lake have flowed over the spot. In a similar mauuer was the city of 
Eupbemia, in Calabria, destroyed in 163S. " Afler aoiiie time," says Kirdier, 
who waa near the spot. " the violent paroxysm (of the earthquake) ceasing, I 
stood up, and turning my eyes to look for Eupbemia. saw only a frii^tfnl 
black cloud We waited till it had passed away, when nothing bat a dismal 
and putrid lake was to be seen, where once the city stood," Dr. Robinson 
has, indeed, made it almost certain that the Dead Sea existed before the ca- 
tastrophe of Sodom, and that the Jordan, before that period, did oot flow 
through El Ghor and Arabah into the Bed Sea; but\ sinking down of the 
surface a few feet at that time, is uot inconsistent with these fkcta. But I 
will not enlarge further on a euhjeet so difficult. Nor should I have aaid so 
much, had I not read the very accurate descriptions of that country by 
Mesars. Robinson and Smith. 

Rem. An explorer aent out by the French government in 18B0 and -fil. pro- 
fesses to have observed the ruins of Sodom on the hill of rock salt called Ua- 
dam, at the south- west part of the Dead Sea; and the ruins of Gomorrah, at 
the north-east extremity of the sea; also those of Zeboim, on the west shore. 
These diaooveriea, if confirmed, will modify our views of the destruction of 
these cities. P-atnam't Magazintfor Dec. 1868. 

Deicr. According to Prof, Parrot, Mount Ararat in Asia, ia^ eitioct vol- 
cano. A specimen sent me by Rev. Justin Perkins from that mountain is 
decidedly vesicular lava. 

Deicr. A large proportion of the lofty peaks of the Andes and the moun- 
tains of Mexico belong to the class of extinct volcanos ; and it is very proba- 
ble, from the statements of Rev. Mr, Parker and others, that a vast region 
between the Rocky Mountains and the Pacific Ocean is of the same obarao- 
ter. For although -he describes the prevailing rock as basalt, and only inci- 
dentally aUudea to voloanio cones and craters, yet in personal conversation 
he assures me that regular craters are not unfrequent ; and having shown 
him specimens of trachytes from the continent of Europe, he at once iibndfled 
them with rocks found associated with the basalt of tnat region, 

Descr. The size of ancient volcanic cones and cratera was often 
very large. 

Exam. In the middle and southern parts of France, extinct volcanos cover 
several thousand square miles. Between Naples and Cumea. in the spaiie 
of BOO square milea, according to Brieslai, are 80 craters ; some of tlietn 
larger than Veauvius. The city of Cumea has stood three thousand years in 
a crater of one of these volcanos. Vesuvius stands in the midst of a vast 
crater, whose remains ai'e still visible, called Somma. The volcanic peak of 
Teneriffa ataods in Ihe centre of a plain, covering 108 square miles, which ii 
surrounded by pei'pendicular precipices and mountains, which were proba- 
bly the border of the ancient crater. According to Humboldt, tiX the moun 
taiooua parts of Quito, embracdng an ar«a <^ fl,300 iquare miles, may b* oon- 
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aideted tB aji immeose Tolcaoo, vliicli now gets rent aometimefl thton^h ooBi 
and BometitneB through imother of its elevated peaks ; but which must have 
baen more active in former limes, to have produced the results now wit- 
nessed. We have seen that the great volcaao of Kilauen, on the Sandwich 
Islands, is surrounded by two oiroulaf walls, one 15, and the other 20 miles 
in oiroumference, which must have marked the Uinita of the crater in early 
times. Two other ancient craters esi^t in the island of Maui, one 24 and tha 
other ST miles in rarcuit. Oot't/iot/ on Coral For7aations, p. 9. 

Inf. From such facta it has heen inferred by many geologista, 
(ex. gr. Scrope, Bakewell, PhiilipH, Brongniart, Girardin, &o.) 
that volcanic agency in early times was more powerful than 
at present, and that it is gradually diminishing. Mr. Lyell, how- 
ever, considers this view as entirely erroneous, and quotes the 
eruption from Skaptar Jokul, in 1783, as equalling any that ia 
known to have occurred in ancient times, JJyeWs Prin. Geo!., voL 
2, p. 254. 

J%c Older Unstrained Rocks. 

Rem. So rapid has been the change of opinioD respecting the oririn of the 
uastratified rooks, that from an almost universal belief in their depoBitiou 
from water, geologists are now nearly or quite unanimous in ascribing them 
to igneous agency. A brief summary of lie arguments that sustain this lat- 
ter opinion, will be. therefore, all that is now necessary to present. 

Prin. The different unstratified rocks appear to he the result 
of volcanic agency, exerted at different periods under different cir- 
cumstances. 

Proof 1 . Identity of lithological characten between recent lavas 
and seoeraf •eariAie& of unstratified rocks. The amygdaloids of 
the trap, rocks often exactly resembW those vesicular lavas which 
are cooled in the open air ; while the compact trap rocks can 
scarcely be distinguished from the compact lavas of submarine 
production. Some varieties of trachyte very much resemble gran- 
ite, and the two rocks often pass insensibly into each other ; so 
that it is difficult to say whether trachyte be mdted granite, or a 
portion of the materials out of which granite was originally pro- 
duced, cooled in a different manner. 

Proofs. The insensible gradation of the different unstratified 
rocks into one another. In the same continuous mass we find a 
gradual passage from trap into all the other unstratified rocks ; so 
that the. same general cause that produced one variety, must have 
produced the whole. It is very rare, however, that coarse granite, 
destitute of hornblende, graduates into trap rocks of the same age. 
In general, they appear to have been formed at different epochs. 
Maccidlock's System of Geology, vol. 1, p. 157. 

Rem. It must not be inferred from this statement, that all the unstratified 
rocks have resulted from the same melted mass, tooled mider different cir- 
aumstancea; for Che difference in their chemical composition is too great to 
admit of such a oooolusion. See Section 4, p. 18. 

Proof 3, Th4 mode of occurrence of the unstratified in rtlation 



Hcssdb, Google 



OF IGNEOUS ORIQIN. 305 

to the stratified rocks. We have seen (Section IV.) that the for- 
mer exist as protruding, intruding, and overljing masaea, and oo- 
cupjing veins in the latter. Now these are the precise modes in 
which recent lava occura when connected with stratified rocks : 
whereas no example can be produced in which rocks have been 
made to take these forms by aqueous agency. Indeed, it is diffi- 
cult to conceive how this wonld be possible. 

Proof i. The columnar structure of the trap rocks. This struc- 
ture is not uncommon in lavas. The experiments of Mr. Watt 
also, upon 700 pounds of melted basalt, which on cooling assumed 
the columnar form, as detailed in Section IV., confirms this view ; 
whereas no example of such a structure froin aqueous agency has 
ever been found. 

Proofs. The crystalline strvctwe of some of the unstratifed 
rocks. When several substances are contained in an aqueous men- 
struum, it is difficult to make them crystallize except in success- 
ion; whereas in granite the different ingredients appear to have 
crystallized simultaneously. And if the materials of granite, or 
of glass, be melted and slowly cooled, especially under pressure, 
most if not ail the ingredients will assume more or less of a crys- 
talline form at the same time. 

Proofs. The mechanical effects produced by the unstratifed 
upon the stratified rocks. In the vicinity of veins and irregular 
masses of the unstratified rocks, the stratified ones are bent and 
twisted in every conceivable maimer, and sometime^ broken en- 
tirely. Not unfrequently also, fragments of the stratified rooks 
are broken off and entirely imbedded in the veins of the unstrati- 
fied. In almost every case an upward or a lateral force appears to 
have been exerted ; showing that the veins were filled from be- 
neath. For examples, Sse Macculloch's Geology of Glen TiU in 
the Geological Transactions. Also his Geology of the Western Isl- 
ands. Also Final Report on tjte Geology of Mass., pp. 414, 416, 
418, 464, &o. Fig. 198 shows a vein of greenstone, passing 
through a ledge of sandstone near New Haven, on the road to 
Middletown, the sandstone being bent upwards. 
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Proof 7. The chemical effects prodttced upon the sfratiJiedTO^s 
hy the contact of the unstratifed. These effects are preuisely the 
same as those produced by dykes of recent lava. Thus, compact 
fosailiferouH limestone and cnalk, where dykes of trap rocks, por- 
phyry, and granite pass through them, are changed iato crystalline 
limestone; shale and sandstone are indurated and converted into 
siliceous slate or jasper; as at Nahant, Mass., Newport, Rhode 
Island, and Rocky Hill, near Hartford, Ct ; micaceous sandstone 
and other slaty rooks are changed into mica slate, or hornblende 
slate. Now these are effects that could not result from any other 
agency with which we are acquainted except heat. And in respect 
to cljalk, an esperiment of Sir Jamoa Hall is decisive. He con- 
fined some of it in a strong iron tube, and subjected it to a strong 
heat, which, liberating the carbonic acid, produced a powerful 
pressure, and the result was crystallized carbonate of lime. Bake- 
well's Geology, p. 146. 

Obj. The older unstratified rocks present no example of a vol- 

Ans, I. They appear in general to have been produced by a 
force acting along extended fissures, and not directed to particular 
foci. 2. If these cones and craters once existed, the powerful de- 
nuding agencies that have operated on the globe may have de- 
stroyed them. 

iViM. The greater degree of crystallization in the older unstrat- 
ified rocks may be explained by supposing a more perfect fusion of 
the materials than in recent lavas, and greater slowness in cooling, 
onder perhaps the more powerful pressure of a deep ocean. 

Temperature of the Globe. 

Prtn The principal circumstances that determine the tempera- 
ture of the globe and its atmosphere, are the following: 1. Influ- 
ence of the aun. 2. Nature of the surface. 3, Height above the 
ocean. 4. Temperature of the celestial spaces around the earth. 
5. Temperature of the interior of the earth, independent of exter- 
nal agencies. 

1. Solar heat. The solar rays exert no iniuenee as a general 
fact, at a greater depth than about 100 feet. (Baron Fourier 
mentions 130 feet as the masimura depth; Poisson fixes it at 76 
feet. Ajn. Jour. Science, vol. 3^, p. 5, and vol. 34, p. 59.) A 
tbermoiAeter placed at that depth remains stationary all the year. 
The diurnal effect does not extend more than three or four feet. 
In receding from the tropics, the amount of solar heat diminishes. 
During six months it continues to increase, and to diminish the 
remaining six months The decrease of tbe mean temperature 
from the eijuator towards the poles, is nearly in the proportion of 
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the cosines of latitude. Prof. Forbes has reoently made some 
b t' n r Edinburgh, from which, it appears tbat the OBcil- 
1 f u 1 temperature would cease at the depth of 49 feet 

in p f b feet in incoherent sand, and 91 feet in compact 
and n A lerican Journal of Science, vol. 38, p. 109. 

B S" is the fundamental dement oo which depends the sur&ee 

tean globe and the character of the climate. 

P Th mount of solar heat is actually though very slightly 
diminishing in consequence of a change in the eccentricity of the 
earth's orbit. The possible amount of this diminution is not 
known, because the limits of the eccentricity of that orbit are not 
known. But there is no probability that the annual temperature 
ever has changed or ever will change from this cause, more than 
3° or 4°. A»i. J(mr. Sd , vol. 86, p. 332. Hence this cause is 
insufficient to account for the estra-tropical heat of the present 
cold regions of the earth in early times. 

2. Nature of the surface. The radiating and absorbing power 
of land is quite different from that of water. Ice and snow are 
still more different; and the nature of the soil affects sensibly its 
power to imbibe or give off heat. Hence low islands have a higher 
temperature than large continents in the same latitude; and the 
oeean possesses a greater uniformity of climate than the laod. 

Sem. On these timta Mr. Lyelt baa founded ao hypothesis for explainiag 
Ihe high temperature of the surfax^ of the globe in northern latitudes in 
early times. He supposes that hut little land then existed in the northern 
parts of the globe, and that this produced so great an elevation of tempera, 
ture, above Mhat it is at present, that tropical plants and animals might then 
have inhatated regions now subjeeted to almost perpetual wmter. That the 
qtiaotity of dry land in the northerQ hemisphere during the deposition of the 
older foBsiliferouB rooks was much less Oian at present, is very probable; and 
that this would render the climate warmer and more uniform is made cert^n 
by comparing the climate of Oreat Britain with that of the United States. 
But tbat from this cause the climate of Canada, of the north-west coast of 
America, between 60° and 70° of north latitnde, and even of Greenland and 
Melville Island, where the thermometer now descends to 58° below zero, 
was so mild and uniform as to produce tropical ferns, lepidodendia, Ac, is a 
poailion which will need stroi^ proof; especially when we recollect that for 
several months annually they must have been most of the time in darkness. 
Those, however, who wish to see this hypothesis ably defended, may consult 
J^etr> Prin. Geol. vol. 1, p. IflO, Ac. 

3. Height above the ocean. The temperature of the air dimin- 
ishes one degree (Fahr.) for 300 feet of altitude; two degrees for 
595 feet; three degrees for S73 feet; four degrees for 1,124 feet; 
five degrees for 1,347 feet; and six degrees for 1,539 feet. Hence 
at the equator perpetual frost exists at the height of 15,000 feet, 
diminishing to 13,000 feet at either tropic. Between latitudes 
40" and 59°, it varies from 9,000 to 4,000 feet. In almost every 
part of the frigid zone this line descends to the surface. Theso 
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reraltB, however, are greatly modified by several oiromiistanoes ; 
BO that, is fact, the line of perpetual congelation ia act a regular 
curve, but rather an irregular line descending and ascending. 
American Journal of Science, fol. 33, p. 52. Introduction a la 
Geographic Mathematigm et Physique par S. F. Lacroix, p. 
289. 

4. Temperature of the celestial spaces around the earth. This 
cannot be much less than the temperature around the poles of the 
earth, where the solar heat has scarcely no influence. Now, the 
lowest temperature hitherto observed on the globe, (at Melville 
Island,) is 58° below zero ; and this has been assumed as the tem- 
perature of the planetary spaces. Hence it follows that there 
must be a constant radiation of hea't from the earth into space. 



5. Temperatui 



of the Int&ior of the Earth, independent of 
External Agencies. 



Prin. In descending into the earth, beneath the point where it 
is affected by the solar heat, we And that the temperature rega- 
larly and rapidly ii 



Proof \ . The temperature of strings which issue from the rocks 
n mines, as shotan in tkefollovnng table : 





Temperature of Springs in 


Mines. 








"'""' 


P 


|i 


iii 


1 




Lead and Silver Mine 
Junghohe Birk . . 
doofBesebertgluck 
do di- 
do Himmelfftlitt . 


of 




see 

712 
810 
736 
834 
128 
248 
459 
197 
282 

sei 

766 
1440 
1T13 


ii°9 

G4.6 
G6.S 
67.9 

au.i 

fiS.4 
63,4 
68.3 
64. 
69. 
69. 
B7i6 
82. 
B8.2 


46.9 
48.4 

59.7 
61.8 

60. 


102.4 
87. 
80.7 
83.9 


Brittany . 


do Poullauen . . . 
do do ... 




182. 
3S1. 


Cornwall . 
MeiLioo . . 


do Huelgoat ■ . ■ 
do do ... 
do do ... 
do do ... 
Doleoath Mina . . 




89.5 
36.4 
64.7 
48.4 
46. 
46.8 



Proof 2. Ti^np^ature of the rock in i 
following table : 
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DEEP MIKE8. 



tr the face of the Tock. 



CorDwalt , 

Cnrmeaux 

Franee. 



, Umted Copper Mines 
i Coal Pit of Bavin , . 

do of Caetellan . . . 

do of St. CharleB . . 

. do of St. Jaoobi . . . 

■ock near ill turfaee. 
Miae of Beschertgluck . 



do do 

S. Three feel three iTichei mlhiii tht rock. 
Dolcoatb Mine, Reg- ' 
ister Icept 18 Motithe. 
Ijead and Silver Mine 



Cornwall 
Saiony . 



1142 


87=4 


60= 


1201 






581 


62.8 


62 


630 


67.1 


62 


SSfi 


61. 




361 






661 


71.7 





6fll 


62.2 




813 


B9. 


46.4 


236 


47.7 




652 


66. 






69. 




1346 


6B.7 







1881 


7B.8 


60. 




413 


69,6 






es6 

1063 
780 


63.5 
67.7 
68.7 


..., 



In a collierj at Wigan, in Lancashire, England, at 160 feet deep, the tem- 
poratnre was constantly 63° ; at 460 feet, it was 56°7S ; at 760 feet it was 
63°. This wodd give an ioerease of one degree for every 43 feet Am. 
Joar. of Science. Tol. 34, p. 36. 

A eingle experiment in tlie deepest coal mine ia Qreat Britiun; near Sun- 
derlaofl, gave the following results ; depth of the place of observation, 1,684 
feet; below the level of the sea, 1,500 feet. Mean annual temperature at 
the Burfejje, 47°6 ; temperature on the day of observation, (Nov. IB, 1834.) 
49= ; do. of the air at the bottom of the pit, 64° ; close to the ooi j, 68° ; do. 
of water collected at bottom, 61" ; do, of salt water issuing from a hole made 
the same day, 70"! ; do. of gas rising through the water, 72<'6 ; do. of the 
front of the eoal, 68° ; do. of the same, left in a bore hole for a week, IfS 
Hence the heat increases at the rate of about a degree for every 80 feet. 

Rem. Attempts have been made to explain this increase of temperature in 
mines by other causes than the deep-seated heat of the earth. But they are 
unsatisfactory. They will be described, however, when we come to flpeak 
of the objections to the doctrine of mternal heat. 
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lowing table ; 



TEMPERATITRB t 

of Artesian Wells, as ahown ii 



Paris: Fountain de la Qarde St. Oiien 
Do. near tbe Garriere de Ortnelle. 

Dept. du Garde et dea Pas Calais . 
Fountain Artesienne de Morguette. 

do de St. Venant. 

Sheerness, Epgland, mouth of theMed- 

Tours 

A well at La Rochalle ..... 
ITear Berlin, Prusaia, at 

do the Bame well, at .... 

do da. at ... . 

Near New Bruoawick, N, Jersey, at the 

South Hadley, Mass. . . . 
Obarleston. 8. 0. ■ - • ■ 



'-i 


n 


y 










^s 




216 


61=1 
51.1 


65=2 
S3. 


184 


60.6 


64.6 


207 




65,9 


828 




61.2 


S61 


60.9 


69.9 


46e 


63.7 


63.6 




63.4 


64.6 


676 




67.66 


616 






39a 




62,82 


260 




»,, 1 


394 


46.1 


62. 


910 


69. 


82i 



ill 



Rem. 1. Near VtenDO, ja Aiutria, are from 40 to BO Arteaiao W«11b, whose 
temperature varies from 62° to 6S°; the mean temperature at the surtaee 
briug SCB*. At Heilbronn in 'WuPtemburg, five wells flank from 60 to 11! 
feet, have a temperature of 66°. 

S^m. 2. ArtesiaD wells have lately been applied with success in Wurtem- 
burg, to prevent frost from slopping machinery, which waa moved b^ run- 
mog water ; and also for warming a paper manufactory. Who knows but 
this application may prove of immense benefit to some cegiona of the globe t 
Bvchlandi JBri^gimalfr Treatitt. voL 1, p. 561. 

Proof i. Tfiermal springs. Vast numbers of these occur in 
regions far removed from any modern volcanic action ; generally 
upon lofty mountain ranges; as upon tbe Alps, the Pyrenees, 
Caucasus, the Ozark mountains in this country, where are nearly 
70, &c. Their temperature varies from about summer heat 
nearly up to that of boiling water. Nor can their origin be ex- 
plained without supposing a deep-seated source of heat in the 
earth. This argument is not, indeed, as direot and eonoluaive as 
those previously mentioned, but it confirms the others. 

Proofs. The existence of numerous deep-seated volcanos. This 
argument is of the same kind as the last, and does not need any 
fit^hei illustration here. 
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Proof 6. Not one exception to this increase of internal tempera- 
ture has ever occurred, where the experiment has been Tiwde in deep 

Inferences. 

Inf. 1. The in f ti- p t from the surface of the 

earth downwards d t pp 1 at the same rate in all 

countries. The f 11 th h t ons recorded in the pre- 

ceding tables, wh h h b m d E gland, gives 44 feet for 
a change of one d gr I mm France, the increase is 

much slower, and f w t ft The mean is reckoned at 

about 45 feet for h d g I M o, according to the only 

observation given above, it is 45,8 feet. In Sasony it is considera- 
bly greater, not far from 65 foet to a degree. The few observa- 
tions in this country given in the preceding table, indicates an in- 
crease of 57 feet to a degree, 

Inf. 2. The average ittcrease for all the countries where observa- 
tions have been made, is stated by Kupffer, to be 36.81 feet for 
each degree. Edinburgh JourntU of S-ience, April, 1832. 

Inf. 3. At this rate, and assuming the temperature of the sur- 
face to be 50°, a heat sufficient to boil water would be reached at 
the depth of 5962 feet, or a little more than a mile ; a heat of 
7,000°, sufficient to melt all known rocks, would be reached at 48 
miles ; and at the centre of the earth, it would amount to 577,000^. 
Cordier's Essay on the Temperature of the Interior of the Earth. 
Amherst, 1828, p. 73 Moffatfs Scientific Class Book, by Prof. 
Johnson, Fhiladelphiu, 1836, vol. 2, p. 311. 

Rem. It has been thought by many, and probably with reason, 
that the rate of increase in the subterranean heat, as deduced by 
Kupffer, is too rapid. From careful observations upon the Artesian 
Wells of Scotland, Br. Patterson finds the mean increase to be one 
degree for every 47 feet ; and from a more extended comparison 
given in Jameson's Journal, (April to July, 1839,) the mean in- 
crease is one degree for 65 feet ; perhaps the rate of 45 feet to a 
degree, fixed upon by the British Association, ought to be con- 
sidered the best hitherto obtained. 

Inf. 4. Prom the preceding facts, and other coUateral evidence, 
it has been inferred that all the interior of the earth, except a crust 
from 50 to 100 miles thick, is at present in a state effusion : that 
originally the whole globe was melted, and that its present crust 
has been formed by the cooling of the surface by radiation. 

lUui. Fig. 199 is intended to represent the proportion of melted ami qq' 
melted matter in the earth, agreeably to the above iofereoce; and oq the 
luppceition that the solid crust is 100 miles thick, Tbii ia shown bj the 
broad libs that forme the circumference. Aecording to Che mean increase of 
(tftMrranean hMt stated above, tbis cruit should be only half ae thick. 
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Proof. I. Until some fact can be adduced showing that the 
heat of the earth ceases to increase beyond ascertain depth, nothing 
but hypothesis can be adduced to prove that it does not go on in- 
creasing, until at least the rocks are all melted : for when they are 
brought into a fluid state, it is not difficult too see how the tem- 
perature may become more equalized through the mass, in conse- 
quence of the motion of the fluid matter ; so that the temperature 
of the whole may not be greatly above that of fused rock- Now, 
if the hypothesis of interniil fluidity have other arguments (which 
follow below) in its favor, while no facts of importance sustain its 
opposite, the former should be adopted. 

Proof 2. It appears from the experiments and profound mathe- 
matical reasoning of Baron Fourier, that even admitting all the 
internal parts of the earth to be in a fused state, except a crust of 
30 or 40 miles in thickness, the effect of that internal heat might 
be insensible at the surface, on account of the extreme slowness 
with which heat passes through the oxidized crust. He has shown 
that the excess of temperature at the surface of the earth, in con- 
sequence of this internal heat, is not more than l-17th of a de- 
gree, (Eahr.) nor can it ever be reduced more than that amotmt 
by this cause- This amount of heat would not melt a coat of ice 
10 feet thick, in less than 1 00 years ; or about one inch per annum. 
The temperature of the surface has not diminished on this account, 
during the last 2,000 years, more than the 16rth part of a degree: 
and it would take 200,000 years for the present rate of increase 
in the temperature as we descend into the eattl), to increaBe thd 
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temperature at tLe surface one degree ; that is, supposing the in- 
ternal heat to be 500 times greater than that of hoiling water. 
From all which it follows, that if internal heat exist, it has long 
since ceased to have any effect practically upon the climate of the 
globe. Annals de Chimie et de Physiqiie, No. 27. 'American 
Jawnal of Science, vol. 32, p. I. Phillips' Treatise on Geology, 
voL 2,. p. 275, 

Rsm. These resulta of Fourier require tlie application of very profouniJ 
mathematical inveatigations. Aod it may not be aniisB to meotioQ that 
tlie late laniented Dr. Bowditoh informed me, that he had followed Fourier 
tbroitgh all his intricate analysea of this eulycct; and that the veasoniug waa 
entirely conclusive ; oor did he consider his result? at all iovalidatcd by the 
papei-8 of Prof. Parrot, which he had also read. Those of M. PoiBSoo, io op- 
positioQ to Fourier, hare appeared since Dr. BowdiEch's death. 

Proof. 3. Tke existence of $00 active volcanos, and many ez- 
tinct ones, whose origin is de^ seated, and which are connected 
over extejisive areas. If these were eonfined to one part of the 
globe, or if after one eruption the volcano were to remain forever 
quiet, we might regard the cause as local and the effect of particu- 
lar chemical changes at those places, aided perhaps by electro- 
magneutic agencies. But if the intermal parts of the earth are in 
a melted state, that is, in tlie state of lava; and if this mass be 
slowly cooling, occasional eruptions of the matter ought to be ex- 
pected to take place by existing volcanos. Assuming the thick- 
ness of the earth's crust to be 60 miles, the contraction of this en- 
velope one 13,000th of an inch, would force out matter enough to 
form one of the greatest volcanic eruptions on record." More 
probably, however, the pereoiations of water to the heated nucleus, 
or other causes of disturbance, more frequently produces an erup- 
tion than simple contraction. 

Other Hypotheses of Vokanic Action. 

Hypothesis of the metalloids. This hypothesis, originally pro- 
posed, though subsequently abandoned, by Sir Humphrey Davy, 
supposes the internal parts of the earth, whether hot or cold, fluid 
or solid, to be composed in part of the metallic bases of the alka- 
lies and earths, which combine energetically with oxygen whenever 
they are brought into contact with water, with the evolution of 
light and heat To these metalloids water occasionally percolates 
in large quantities through fissures in the strata, and its sudden 
decomposition 'produces an eruption. Dr. Daubeny, the most 
strenuous advocate of this theory at thg present time, has brought 
forward a great number of considerations which render it quite 
probable that this cause may often be concerned in producing vol- 
canic phenomena, even if w« do not admit that it is the solecauM- 
Dg/uienyiM Yolcanos. 
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S^a. I. It ie interesting to notice how the hypothesis of central heat or 
the Mechanical Theory of Cordier, as it is ofted called, and this Chemical 
Theory of Daubeny, apply nlmost equally well to the eiplanation of yolcanic 
phenomena. Both agree as to the necessity, of water being brought in con- 
tact with a li*ated mass ia the earth. Both explain eqimlly well the forma- 
tion of vapor, the extrication of gases, and the Bublimation of sulphur, salts, 
&0. Both show why Tolcanos are usually in the vicinity of water; "why 
their action is intermittent, and why the volcanic power appears to have de- 
creased in energy. The constantly active volcanos, especially such an one aa 
Kirauea. are mare difficult to explain by the cbemieal theory. It must also 
be considered astrong objectian to this bypotbesie, that silicoQ "is iaoombuB- 
tible in air and in oiygen gas ; and raay be exposed to the flame of the blow- 
pipe without fusing, or undergoing any other change," TUmer't Ohemialry, 
p. S33, and that alumiDiuni. the must abundant in the earth next to ^licuin, 
"is not oxidized by water at common temperatures; though on healing the 
water to near its boiling point, oxidation ot the metal commences : — the oxi- 
dation, however, ia very Blight." Tm-ner, p. 316, 

Hem. a. There is not necessarily any discrepancy between these two 
Uieories; for admitting eren igneous fluidity in the earth, the nucleus may 
nevertheless be metals rnicombined. Hence, some distinguished advocates for 
the doctrine of central heat, have also adopted pai'tiaUy or wholly the other 



Modified C/iemical Theory, Some geologists have called in 
the aid of eleotrieitj to assist in the decomposition and recomposi- 
tlons that result from volcanic agency. By this means the tem- 
perature of the uneombined metals is raised, so as to_ cause them to 
become more readily oxidized. This is the view advanced by Mr. 
Lyell. Principles of Geology, vol. 2. p 449. This hypothesis 
inoludes, of course, as one of its elements, the earlier hypothesis of 
Lemery and others, who imputed volcanic phenomena to the com- 
bustion of coal, bitumen, &e., and the decomposition of the sul- 
phate of the metals, Fbr an account of numerous modifcaZions 
(fopiniotb respecting th^ cause of volcanic agency, see Girardin, 
Sur hs Volcans, p. 84, 

Proof i. The Spheroidal Figure of the Earth. Its form is 

Sreoiseij that which it would assume, if while in a fluid state, it 
egan to revolve on its axis with its present velocity ; and hence 
the probability is strong that this was the origin of its oblateness. 
But if originally fluid, it must have been igneous fluidity ; for since 
the solid matter of the globe is at present 50,000 times heavier 
than the water, the idea of aqueous fluidity is entirely out of the 
question. 

Other tuppositiom. 1. Some maintain that the earth n>as created in its 
present oblate form. This is indeed passible ; because Qod eautd have given 
it any form he pleased. But there is no proof that such was the fact ; while, 
on the oftier band, we may always assume that whenever wo can see natural 
causes for natural phenomena, they were produced by those causes ; unless 
we can see some reason for special Divine interference. 2. Sir John Her- 
Bchel has suggested the possibility of accounting for the flattening at the poles, 
kf cuuea aow inraction ; thougli Sir John does not maintain niat such was 
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Botually tha mode in which it took place. He supposes the eavth to have 
be«n created a uniforin sphere, covered b; an uniform ocean; aod to have 
commenced a rotHtion on its axis, as at present. The water of course ivoutd 
rush towards the equator, leaving the polar regions dry, and very much ele- 
vated. But as this greHt equatorial ocean wore down its shores, the laod 
would gradually be carried towards the equator, and spread ever thebuttoni 
of the sea, and ultimately be elevated ao as to form the present continents. 
It is hardly necessary to pay, that the present distribution of land and water, 
and the form of continents, do not accord vith such a mode of formatioa ; 
and so improbable is the idea that two vast continente. around the poles, 
with a height of nearly twelve miles, have been thus worn down and carried 
thousands of miles towards the equator, that thowgh theoretically possible, it 
must be regarded as practically impossible. Prof. Phillips Teeatise on 
Geology, p. B. 

Procf 5. 2K« tropical and ultra tropical ckaracier of organic 
remains found in high latitudes. If the globe has passed through 
the process of refrigeration, as the hypothesis of original igneous 
fluidity implies, there must have heen a time, before reaching its 
present statical condition, when the surface had the high tempera- 
ture denoted by these remains ; and that period must haye been 
very remote; since no essential change of temperature from inter- 
nal causes has taken place for thousands of years. A climate, also, 
chiefly dependent on subterranean agency, would be more uniform 
over tile whole globe, than one dependent on solar influence; and 
such appears to have been the climate of those remote ages. 
Hence we may reasonably impute that temperature to internal 
heat ; if some other more probable cause cannot be found. 

Other Suppositions. 1, It has already been stated, that Mr. 
Lyell has proposed an hypothesis, dependent upon the relative 
height of land in high latitudes at difierent periods, to explain the 
tropical character of organic remains, without the aid of secular re- 
frigeration. But that hypothesis has been already sufficiently ex- 
plained. 2. Another hypothesis has been advanced with much 
oonfldence by certain writers, not however practical geologists, to 
the same effect. It supposes these organic remains to have been 
drifted after death from the torrid zone. But their great distance 
in general from the torrid zone, the perfect preservation, in many 
cases, of their most delicate parts, with other evidences of quiet 
inhumation near the spot where they lived, such as the preserva- 
tion in several oases of the softer parts of the animals, render such 
a supposition wholly untenable. 

Proofs. The fact that nearly all the crust of the glohehaiieen 
in a melted state. As to the unatratified rocks, there will scarcely 
be a dissenting voice among geologists, to the opinion that they 
are of igneous origin, and have been melted. As to the detrital, 
or fossiliferous rocks, also, it will be admitted by all, that they 
were originally made up of" fragments derived from the older 
stratified or uustratified rocks ; and that consequently, so far as 
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derived from the latter, they have been melted. And in regard to 
the hypozoic stratilied rocks, also, although there are two different 
theories as to the mode in which they havp been produced, yet 
both admit either of the entire fusion of these rocks, or of their 
having been so highly heated as to be able to assume a crystalline 
arrangement. Hence, if the entire ,crust of the globe Has beea 
fused, it is a fair presumption that it was the result of the fusion 
of the whole globe. 

Proof 7. This theory furnishes us vdth the only ktumm ade- 
quate cause for the elevation of mountain duzins and continents. 

Other supposed causes of elevation. 

1. Earthquakes. Examples have been given in another plaee 
(p. 289,) of small and limited elevations of land, produced by 
earthquakes. And it has been maintained that an indefinite repe- 
tition of 8uoh events might elevate the highest mountains, if they 
took place on no larger scale than at present. But it seems to be 
Batiafaetoriiy proved, that some elevations at least, such as those 
producing the enonuous dislocations in the north of England, have 
occurred to an extent of several thousand feet, by a single paroxys- 
mal effort ; whereas the mightiest effects of a modern earthquake 
have produced elevations only a few feet, and in most cases the 
uplifted surface has again subsided. Again, there is little proba- 
bility that a succession of earthquakes should take plaee along the 
same extended line through so many ages, as would be necessary 
to raise some existing mountain chains. Earthquakes may explain 
some slight vertical movements of limited districts ; but the cause 
seems altogether inadequate to the effect, when applied to the ele- 
vation of continents. 

2. En^nsvm of the rocks by heat. Col, Totteu, who is now at 
the head of the Topographical Bureau in this country, has made^ome 
accurate experiments on the expansion of rocks by heat. A block 
of granite, five feet long, by a change of temperature of 96" F,, ex- 
panded 0.027792 inch; crystalline maible, 0.03^64 inch; sand- 
stone, 0.054914 inch. By these data it appears, that were the 
temperature of a portion of the earth's crust 10 miles thick to be 
raised 600=, it would cause the surface to rise 200 feet. This 
would be a greater thickness than could bo produced by the ac- 
cumulation of detritus at the bottom of any ocean, whose tempera- 
ture might be raised on the hypothesis of Prof. Babbage. Yet a 
still greater thickness might be heated, provided any new and ex- 
tensive foci of heat should be produced deep beneath the surfaca 
of the globe. Still this accession of heat would finally be dissi- 
pated by radiation ; and then the surface would again aubakla 
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This cause, therefore, though it may perhaps ezplaia such vertical 
movements of particular regions as are taking place in Scandinavia, 
Greenland, Italy, England, &o., seems inadeijuate to account for 
the permanent elevation of large continents. If they had been 
raised in this manner, and the same remark applies to some extent 
to earthquakes, we should hardly expect to find several distinct 
systems of elevation on the same continent, nor so many examples 
of vertical strata. Ninth Bridgmealer Treatise, by Frof. Bab- 
bage, p. 193, Am. Ed. 

3. Unequal coniToction and expansion of land and z/mt^ by 
cold and heat. Assuming the mean depth of the ocean to be 10 
miles, and that it had cooled irom boiling heat to 40° F., its 
volume would contract about 0.042 ; while the contraction of the 
land would be only 0.00417. This would produce a sinking of the 
ocean of 697 feet. Phillips' Geology, p. 277, An increase of 
temperature would produce an opposite effect ; viz. the partial sub- 
mersion of the laud ; though it would be less than the desiccation, 
because of the greater area over which the water would flow, 
Admitting these changes of temperature to have taken place, and 
the theory of central heat supposes the former, tha.t is, the refriger- 
ation, they eould not account for the desiccation of the globe, ba- 
caiiBQ the tilted oonditioa of the strata shows tliat the land has 
been raised up ; whereas this theory implies a mere draining of 
the waters. 

4. A change in the position of the poles of the globe. Tbis hy- 
pothesis, — not long since so much in vogue,— would explain how 
continent?! once beneath the ooean are now above it, if we admit 
the form of tie earth before the change, to have been the same as 
at present ; vis. an oblate ^heroid. But it would not explain the 
tilted eoadition of the strata, nor is it sustained by any analogous 
phcDomeua which astronoony des^ibes. 



Elevation by Central Heat. 

First mode. It is possible to conceive that volcanic power, 
acting as at present, but with vastly greater intensity, might have 
lifted up continents ; for their elevation, in part at least, appears 
to have been the result of local forces acting beneath the earth's 

Second mode. A more probable hypothesis, suggested by 
Beaumont, imputes the present ridged and furrowed condition of 
the earth's surface to a collapse of its consolidated crust upon its 
contraeted interior nucleus. This may be illustrated by £!ig, 
20& 
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Hie ontei- oirde represent the crust of the eartli. after it had become con- 
folidatcd above the Uquid maHs within. This heated nucleus wouW go on 
contracting as it oooled, while the crust Would rem^n nearly of the saios 
>ize. At length, when it became necessary for tbe crust to aecomtnodate it- 
self to the nucleus, eontracted Bay to the inner circle, it could do this only by 
lolling down in some places and rising in others ; as is represeDted by the 
irregular line between the two circles, Tbue would tbe surface of the earth 
become pUcated by the sinking down of some parts by their gravity, and the 
elevation of correspondent ridges by the lateral jjreeaura. Tbe principal 
ridges thus produced, must coincide very nearly with a greftt circle ; and as 
the earth's cruet made sueoeasive efforts to aocommodate itself to tbe eon- 
atantly coatracting nudens, ridges would be produced in different directions, 
crossing one another ; and thus tbe various systems of elevation known t« 
exist on the globe, be formed at various epochs, 

Olg. Such a shortening of the earth's diameter as this hypothesis supposes, 
would increase the rapidity of its rotary motion, aad shorten tbe length of 
the day ; whereas astronomy shows that for 2,000 years no such change has 
taken place. 

Ans. That period is too short fairly to test the point ; since it requires a 
long time for the tension upoD tbe crust of the globe to become so great as 
to produce a fracture ; and this may not have occurred since that time. If 
tJiere be any fleziblHty, however, in the earth's crust, gravity must produce 
gome depression of it in some places, and elevation in others, before the toQ- 
sion is great enough to produce a fracture. And possibly this may be the 
origin of some oases of sligbt subaidenoe or elevation on record. 



8. Other Worlds appear to be passing through the Changes iehich 
this Theory supposes the Earth to ham TJrtdergone. 

Proof. I. Oometa and some Debulte appear to be in a gaseous 
Btate, from eioesa of heat, jet gradually condensing. 2. Tne Bun 
is apparently in a state of igneous fusion, 3. Sttll farther ad- 
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vailBed in the process of refrigeration are the planets. Around 
the asteroids is an unasual nebulosity ; Jupiter is perhaps covered 
by water, and Saturn by a fluid lighter than wat«r. 4. But the 
state of the moon, as the nearest heavenly body, has been most ac- 
curately ascertained; and it exhibits the most astonishing exam- 
ples of volcanic action, though it is not certain that any volcanos 
upon it are now active. But orators, cones, and circular walls, or 
mountains, esist, of extraordinary dimensions. Some of the cones 
are nearly 23,000 feet high j and some of Jhe craters, 25,000 feet 
deep, below the general surface ; and the latter are of various diam- 
eters, even up to 150 miles. The inside of some of these craters 
presents all the wild and jagged appearance of similar rocks on the 
globe. Of tiie mountains and cavities of the moon, about 1,100 
have been measured with great acouraoy, and we have a more ac- 
curate map of the surface of the moon turned towards us, than of 
our own planet. Yet as no water exists in the moon, and perhaps 
DO atmosphere, it must be destitute of such inhabitants as people 
this world. Pig. 201 is a sketch of one of the most remarkable 




Voleanoa in tht Moon. 



voloanic regions, called Heinsius, seen a little obliquely. See an 
admirable paper on the Volcanos of the Moon, byJ. B. Dana, in 
Am. Jour. Sci., Neio Series, vol. 2. Most of the facts on this sub- 
ject will be repeated a few pages forward, in another connection. 

Origin of the Hypozoic Stratified Rocks. 
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Btratifled roi^s ; became both of tbese depend more or less upon iaieriial 

First hyjMthesis. According to thia hypothesis the stratified 
hypozoic roeka are merely the mechanioaJ or fosailiferoua rocks 
altered b^ heat. Aa these accumulated at the bottom of the ocean, 
beiDg much poOrer eooductors of heat than water, tbey would con- 
fine the internal heat that was attempting to escape by radiation, 
until it became so great as to bring the matter into a cryatalline 
state; but not great flBough to produce entire fiiaion, 80 as to de- 
stroy the marka of stratific»tioQ. 

ArgumeMs in favor of this Hypothesis. 

1. Ifumeroos foots show that the molecular constitution of solid 
bodies may undergo great changes, without much change of the 

fmeral form, and even without any great elevation of temperature, 
has the heat of the aun alone, will change prismatic crystals of 
zino into octahedrons; and the aame takes place with sulphate of 
nickel. Connection of the Physical Sciences by Mrs. Somerville, 
p. 130. Indeed, Dr. MaccuUoch says he has completely proved by 
experiments, that " every metal can completely change its crystal- 
line arrangements while solid, and many of them at very low tem- 
peratures. System cf Geology, YoX. l,p. 190. Analogous chftilges 
havo taken place in sandstone beneath trap rocks; in trap ro^a 
after they have become solid;. and in solid glasiS. Hence, fiie pre- 
sumption is in fiivor of these internal changes in rocks of meonau- 
ical origin from internal heat. 

2. The beat requisite for the conversion of mechanical into crys- 
talline rocks, without destroying the stratified structure, may have 
been derived either fi-om an internal heated nucleus in the earth, 
when the chist was thinner than at present, as it was during the 
period in which the hj-pozoie strata were deposited, or from local 
nuclei of heat, propagated upwards through detritus, according to 
the theory of Prof. Babbage. 

3. Geology furnishes numerous examples in which the mechan 
ical or fossiliferoua rocks have been converted by heat into aaoio 
crystallized rocks iu limited spots by the agency of heat. When 
dykes of granite,, porphyry, trap rocks, or recent lava, pass through 
fragmentary deposits, for a certain distance on the sides of the 
dyke these conversions have taken place. Chalk and earthy lime- 
stones are in this manner, in Ireland, converted into crystallized 
marble ; and the same effect was produced upon chalk by heating 
it powerfully in a sealed gun barrel. Experimental proof baa also 
been furnished by the chemist, that c|uartz rock is merely sandstone 
altered by heat; as is shown also at Salisbury Craig, Teeadale, 
and Shropshire, in Great Britain, wliere sandstone and baaalt cotoe 
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in contact. In Shetland, argillaceous slat«, wlien in contact with 
granite, is changed into hornblende slate. Clay slate is ob- 
viously nothing but day that has been subjected to strong heat 
and pressure. 

4. The azoic stratified rocks etill retain raarhs of a mechanical 
ori^n. The general appearance of gneiss and mica slate is that 
of fragments of crystals, more or less worn and rounded, and then 
te-cemented by heat. But real conglomerates occur which yet 
have all the characters of the azoic stratified rocks, except perhaps 
gneiss. Thus, I have in my cabinet from Belliagham. in Massa- 
chusetts, a perfect and highly crystalline mica slate, which contains 
as perfectly rounded pebbles of quartz as any secondary conglom- 
erate; also a taloo micaceous slate of the same diaraeter, from 
Rhode Island, which abounds in crystals of magnetic oxide of u-on. 
These rocks are connected with transition slates on the one side, 
and with hypozoic slates on the other. I have also perfectly dis- 
tinct conglomerates of quartz rock, made up of rounded fragmenta 
of quartz, cemented by comminuted materials of the same kind. 
The strata of this rook in Berkshire County, in Massachusetts, are 
associated with gneiss and mica slate ; all of which at the spot, (in 
Washington,) stand upon their edges. 

Olg. 1. There is little probability that detritus is conveyed to 
the bottom of the ocean in quantities sufficient to cause such an 
aeoumiilation of internal heat, as would convert mechanical into 
crystalline rocks : a degree of heat nearly eqnal to that which 
would melt them. True, the heat would accumulate io these de- 
posits to a certain degree ; hut not beyond what exists in the solid 
crust of the earth generally ; and this would require us to descend 
nearly fifty miles before a temperatare would be reached sufficient 
for the purpose. Unless, therefore, tiis theory supposes a much 
higher temperature on the globe when this change took place than 
at present, (and most of its advocates deny this,) the requisite heat 
could not have been obtained, especially as in many cases the azoic 
rocks estend to the surface, and do not appear to have ever been 
covered with newer ones; so that there must have been heat 
enough to produce this transformation immediately beneath the 
waters of the ocean. 

2. The difference in chemical composition between the hypozoic 
and the newer rocks, is opposed to the idea that the former are 
only modifications of the latter. For we find that some of the 
ingredients, lime and carbon for instance, are far more abundant 
in the newer than in the older rocks. This difference points of 
course to a different origin. 

3. If all the stratified hypozoic rocks are metamorphio, we ought 
to find in them occasionally, especially in the limestones, traces of 
organic remains. For examples are not uncommon, in which tha 

14» 
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traces of such remains are found, {of which a description has been 
given ID Section V,) in oalcareoua rocks which have become perfect 
crystalline limestones, as in the encrinal limestone ; and in other 
rocks which are converted into vesicular trap bj the agency of 
heat. It is incredible, therefore, that if the remains of animals 
and plants once existed in these rocks, as numerons as they now 
exist in the secondary rocks, they should all have vanished ; since 
it is certain, that the heat which produced the metamorphosis, was 
not great enough to obliterate the stratification. 

Second hypothesis. This hypothesis supposes the hjpozoic strat- 
ified rocks to have been formed, partly in a mechanical, and partly 
in a chemical mode, by aqueoas and igneous agency, when the 
temperature of the crust of the globe was very high, and before 
organic beings could live upon it. 

Arguments in favor of this Hypothesis. 

1. It shows why, amid so much evidence of chemical agency in 
the formation of the hypozoic rocks, there is still so much proof of 
the operation of mechanical agencies. For in that state of the 
globe, when its crust had cooled only so far as to allow water to 
exist upon it in a fluid state, Tolcaiiio agency must have been for 
more active than at present; and consequently the agitated waters 
must have worn away the granite at their bottom extensively. But 
as the heated waters would contain a great deal of silica, and otheT 
ingredients which would readily fall down as chemical deposits, the 
abraded materials would be consolidated before they had become 
entirely rounded into pebbles; so that the compound might, upon 
the whole, be regarded as of chemical origin ; and yet not be des- 
titute, as gneiss and mica slate are not, of the marks of attrition. 
Indeed, it would be strange, if in some instances the attrition did 
not proceed so far as to produce the materials for a perfect con- 
glomerate ; as the facts mentioned under the last hypothesis show 
was sometimes the fact, 

2. It shows us why silicates predominated in the earlier periods 
of the globe, and why limestone and carbon were more abundant at 
later periods. Thermal waters, it has been siiown in another place, 
often contain an abundance of silica in solution ; but cold water 
never does. Again, by heating water to the boiling point, the car- 
bonic acid is all driven off; and without this acid, carbonate of 
lime could not be held in solution to much extent; and farther, 
hot water will dissolve much less (quicklime than cold, the propor- 
tion being as 778 to 1270, Hence the heated seas of those early 
times would contain and deposit more of silica, but less of lime, or 
carbonate of lime, than under existing circumstances. Another 
cause why less of carbonate of lim& is found in the older rocks, is. 
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that animals did not then exist to eliminate lime from its otheT 
combinations, and convert it into the carbonate. 

.3, It explains the absence of organic remains in the hypozoic 
stratified rocks. It shows that the temperature was too high, and 
the surface too unstable, to allow of the existence of animals and 
plants. And if they had existed in as great abundance as at pres- 
ent, — an assumption which is made by the preceding hypothesis,—^ 
it is incredible that some traces of them should not remain : for 
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4. It explains, too, the reason why ca b hi b ndant 
in the older than in the newer rocks. Organic beings are un- 
doubtedly the source of most of the carbon in the rooks ; — and of 
course it would be found in small quantities where neither animals 
nor plants existed. 

Rem. Dr. MaCoiillixJi doea iodeeil ataCe that be found orgaoic remnins 
{orihoceTola) in quapti rook, coDneeted witt gneiss, in Sunderlaad ; but 
otber distLa^uisbed geologists (Redgvick and Murchison) have failed in find- 
ing any at that spot. He tbiake, idao, that fragmenta of shelU occur in bora- 
blende fllnto in Glen Tilt. System uf Oeology, vol 1, p. 418. Von Dechan 
alaii ineDtJonB fmeiliferous gcSiywacke, ioterBtratlfied witli gueies and mica 
slate in 'Bohemia. But facta of so anomalous a ebara^er need still further 
confirmation. PhUliptl Geology, p. 18. 

5. It explains the imperceptible gradation of gneiss into 
granite, which we often witness. For if thick beds of gneiss were 
deposited upon the granite, under the circumstances supposed by 
the hypothesis, it is easy to conceive how the internal heat should 
accumulate iii the manner explained by Prof Babbage, so as to 
melt the granite crust anew, and to extend the fusion into the 
lower beds of the gneiss; at least so as to produce an almost, en- 
tire obliteration of the lines of stratification, and form numerous 
niduses of perfect granite in the gneiss. This hypothesis explains 
the passage of these two rocks into each other, batter than the first 
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hypothesis; because it supposes a higher temperature beneath and 
upon the earth's crust at the time of the formation of the gndss. 

Rem. llie most importaat objeetiooB to this hypothesis are embraced in 
thoae wbich are urged against the doctrine of internal heat in general ; and, 
therefore, it will be necessary to state only the latWr. 



Objections to the JDoctrina cf Internal Heat. 

Obj. I. /( has been maintained that the high terwperatwre of 
deep excavations may be explained by chemical changes going on in 
thsTocks; saoh as the decomposition of jron pyrites hy mineral 
waters, the lights employed by the workmen, the beat of their 
bodies, and especially by the condensation of air at great depths 

Ans. In the esperiraents that haye been made upon the tem- 
perature of mines, care has been taken to avoid all these sources 
of error except the last, (which are indeed sometimes very con- 
siderable,)_ and yet the general result is as has been stated ; nor is 
there a single example on the other side to invalidate tha' result. 
As to the condensation of air in mines, Mr. Fos has^ shown that 
the air which ascends from their bottom is much warmer than 
when there ; so that it oirries away instead of producing heat. 
Cordier's Essay on the Temperature of the iMerior of the Earth. 
Edinburgh Journal of Science, April, 1 832. 

Oltj. 3. 7%e temperature of the Ocean. Prof. Parrot, who urges tbia objeo- 
tioD, recapitulated the results of the most aceurate obaervations upon the 
temperature of the ocean : " 1. That the temperature diminishes as the depth 
increases : 2. That . it diminifibee at tiret rapidly, then very slowly. From 
the surface to the depth of 2,4t8 feet, it dimiuishes more than 41° R, and 
from that to 5,490 feel, leas than 2°." American Journal of Sdenee, Tol. 26, 
p. 12. According to De 1^ Beche, there are sooiie exceptions to theee con- 
olusLona, espedally in high latitudes. la fresh-water lates, the same ob- 
BerTOT found that the temperature decreased till it had nearly rea<Aed 40° F., 
when it continued nearly the same to the greatest measured depth. ; Manval 
of Geology, p. 20. Facts of this sort Prof Parrot cunaidere aa directly at 
variance with the idea of internal heat. 

Ans, Taking the conolusiona of Prof, Parrot as true, they are just what we 
might expect would tie the temperature of the ocean, whether Che earth had 
internal heat or uot. For it appears that the strata of water arrange tbem- 
aelves according to their apeoific gravities. The warmest particles being the 
lightest, of course rise to Uie top; and the coldest aink to the bottom; just aa 
we find to be. the case in a vessel of water that is being heated over a fii'c. 
But when fresh vater has descended to the temperature of 40° F., it begins 
to expand, ^ud therefore water below that degree will not sink, but rise. 
Tet experiments ahow that it rarely goes lower than that degree ; and 
therefore, when the water has reached it, or nearly rf^cbed it, we luight ex. 
pect that the temperature at greatov depths would be nearly the same. 
Salt water continues to contract until it reauhea the freezing point, which 
yariea from 32° to 4°, according to the amount of aalt which it contains. 
Bence we might expect that the temperature of the sea, except perhapt In 
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Tary cold latitudes, would decrease do wnwHi-ds until it reached a tempemture 
below which it rarely descends; after which we should expect a aniform 
temperature to the greatest depths. A few observations, indeed, are oa 
record, which can bardlj be reconciled to the geoeral principle that waters 
of lakes and oceans arrange themselves according to their specific gravilies ; 
yet such cases probably result from local causes of variation. Upon tba 
whole, it seems thai the facts b respect to the ocean's tempei'ature, neither 
prove nor disprove the doctrine of iateraal heat, 

Jtem. Some have supposed, that since the ocean htts a depth of several 
miles, the water at its tottom ought (o be in a etate^f ebullition, if the doe- 
trine of iatemal heat be true. But there is no reason to suppose the earth's 
crust to be thinner there than on dry land ; and hence no more heat will es- 
cape ifltothe waters by radiating from the earth, than eseapes into the air; 
which, as we have seen, according to Fonrier. is a very smafl quantity ; not 
sufficient to affect the temperature of water or air perceptibly. 

06?'. 3. " If the centa-al heat were as intense as is represented, 
there must be a circolatioii of currents, tending to equalize the 
temperature of the resulting fluid, and the solid cnist itself would 
be melted." — " If the whole planet, for example, were composed 
of water covered with a spheroidal crust of ice fifty miles thick, 
and with an interior ocean having a central heat about 200 times 
that of the melting point of ioe, &o. : — if it must be conceded, in 
this case, that the whole Spheroid would instantly be in a state of 
violent ebullition, that the ioe instead of being strengthened 
annually by new internal layers, Would soon melt and form part of 
an atmosphere of Bt«am, on what principle can it be maintained 
that analogous efiects would not follow in regard to the earth under 
the conditions assumed in the theory of central heat ?" Uyelts 
Trin. Geol., vol. 2, pp. 440, and 449. 

Ans. Tn'the first place, it is not essential to the doctrine of cen- 
tral heat, that a temperatilTe very inucli exceeding that requisite 
to melt roeka, {7,000°P.,) should exist in any part of the molten 
nucleus. It may even be admitted tha^ the whole globe was 
cooled down very nearly to that point, before a crust began to 
form over it. "For still, according to the conclusions of Fourier, it 
would require an immense period to cool the internal parts, so 
that they should lose their fluid incandescent state, after a omst 
of-some 20 miles thick had been formed over them. In the Becond 
place, we have 'the case of currents of lava, which cool at their sur- 
face, so as to permit men to walk over them, while for years, and 
even decades of years, the lava beneath is in a molten state, and 
sometimes even m motion. And if a crust can thus readily be 
formed over lava, why might not one be formed over the whole 
globe, while its interior was in a melted state ; and if a crust only 
a few feet in thickness can so long preserve the internal mass of 
lava at an incandesoent heat, why may not a crust upon the earth, 
many miles in thidmess, prroerve for thousands of years the 
naoIAte of theearthin the same state? True, if we InnaoiM 'a 
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Bolid piece of metal in a melted mass of the same, the fragment 
will be melted ; because itcannot radiate the heat whichpasses into 
it ; but keep one side of the fragment exposed to a cold medium, 
as the crust of the earth is, and it will require very much stronger 
heat to melt the other side. If the crust of the globe were to be 
hrokea into fragments, and these plunged into fluid matter beneath, 
probably the whole would soon be melted, if the internal heat be 
strong enough. But so long as its outer surface is surrounded by 
a medium, whose temperature ia at least 58° below zero, nothing 
but a heat inconceivahly powerful, can make much impression on 
its interior surface. In the third place, a globe of water intensely 
heated at ita centre, and covered by a crust of ioc, is not a just il- 
lustration of a globe of earth in a similar condition, covered by a 
omat of rooks and soils. For between ice and water there is no in- 
termediate or semi-fluid condition. As soon as the ice melta, 
there exists a perfect mobility among the particles ; so that the 
hottest, because the lightest, would always be kept hi contact with 
the surroundiag orust of ice, and melt it contkiually more and 
more ; especially as ice, being a perfect non. conductor of heat, 
would not permit any of it to pass through, and by radiation pre- 
vent the melting. On the other hand, between solid rook and per- 
fectly fluid lava, there is every eonoeivahle degree of spissitude ; 
and of course every degree of mobility among the particles. 
Hence, they could not in that semi-fluid stratum, arrange them- 
selves in the order of their specific gravities; and therefore, the 
layer of greatest heat would not be in contact with the unmelted 
solid rock. True, the heat would be diffused outwards, but so 
long' as the hardened crust could radiate the excess of temperature, 
the melting would not advance in that direction. This would 
take place only when the heat was so excessive, that the envelope 
could not throw it ofl' into apace. 

06;. 4. It U maiataiaed, that if the earth was originalty in a fluid or 
gaaeous state, and subsequeDtlycoadeased, the aolidification would commence 
at the centre and proceeil outwards. The solidification of a nucleus at the 
centre by pressure, would throw out much heac, b; which a layer around the 
nucleus would be expanded, so as to bePome lighter, and to cause heavier 
particles to late its place. These would at length become solidified, and 
thus would this process gradually advance towards the circumference of the 
globe, until the whole was converted into a Bolid mass, Thisia the view of 
M. PoisBon. See Am. Joumal of Sciertct. vol. S4. p. 61. 

Ana. If it be admitted that the order of solidification in a globe coudeadng 
from a fluid or a gaseous state, would be fi'om the centre to the circumfer- 
eooe, while that globe wa* surrounJed by a medium of very high tempera- 
ture, yet if the temperature were such as acluslly aurrounds the earth, ra- 
diatiunuiust produce a crust over the surface ; and wheu once a aolid crust 
was formed, then the concluBions of Baron Fourier, already explaiued, would 
tbllov. Even though enormous pressure might make the central parte more 
^cute than the crust, still this would so confine the heat that a high tempera- 
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ture might exist in tlie interior. In everj case in which axperimenta have 
been maue upon the coaling of in tensely -heated bodies, a crust formg orer the 
BUrfecB, which much retards the refrigeration of the central parts. AU known 
analogiea. therefore, ftre opposed to this hypothesis. 

Bmt. iLPoisaon resorts to a most extraordinary supposition toeiplain the 
observed increase of temperatni-e as we descend into the earth. He assumes 
as true, the suggestiou of tie elder Berschel, that the solar syfteni is in mo- 
tion through space, and that the temperature of this space is so different in 
diiferent parts, as to heat the earth to a great depth at one time, and then, 
while passing through the frigid regions, it ia gradually giving off its beat. 
It is hardly nei^ssary 1« say that such a movement of ibe solar sptem as is 
here supposed has scarcely nothing' but conjecture to prove it.' But if it be 
admitttKl, we lanoot imagine what evidence there ia that diffpraot portions 
of the apace passed over should have more than a very slight difference of 
temperature. This is, therefore, an hypothesis baaed upon hypothesis. 
WheiBelPi Hist. Indact. Sd., Vol 3, p. B64, 

Hypothetical State of the Globe in the earliest Times. 

Rim. The theory of central heat, as already explained, extends uo further 
back in the world's history tbtia to the time when the globe was in a state 
of fusion from heat; and the chemical theory, which'ascribes eubterraQean 
heat to the oxidatirai of a metallic nucle.us, does not necessarily describe the 
state of things in the beginning. But the mind naturally inquires, whichever 
of these theories is adopted, what was the state of things at the commence 
ment, or al the earliest period of which wc citn obtain any glimpses. To 
gratify this curiosity the two following hypotheses have been suggested. It 
ought, however, to be remarked, that though they be entirely groundless, 
the theories of central heat and of the oxidation of a metallic nucleus, may 
nevertheless be true. 

First hypothesis. This is advajioed by the advocates of original 
igneous fluidity, and supposes that previous to that time, the mat- 
ter of the globe had been in a state so intensely heated, as to be 
entirely dissipated, or converted into vapor and gas. As the heat 
was gradually radiated into space, condensation would take place ; 
and this process would evolve a vast amount of heat, by nbich the 
materials would be kept in a molten state, until at length a solid 
crust would be formed as already explained. 

Arguments in favor of this Hypothesis. 

1. The nature of comets shows that worlds may be in a gaseous state. 
These bodies appear to have "no more solidity of coherence than a cloud of 
dust, or a wreath of smoke," — " through whidi the stars are visible with no 
perceptible diminution of their brightness." Whewell'i Bridgeaater Treatise, 
pp. 162. 168. Sometimes, however, they appear more dense towards their 
centre, and well-defined drcular nuclei have been seen in a few. It has been 
thought, also, that some of them became more dense at their successive re- 
turns, Dr, Uerschel regards them all as setf-luminous. Now, in such facts 
do we not see a striking resemblance t« the early condition of our globe, ac- 
cording to this hypothesis — (o its condition before it had become sg much con 
dented as to be a fluid incandescent muss. 
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2. Th« nebulce appear (o ba Eim[tar in oompositioo to comets, though Dot 
jet aotuallT eonverted into oomets. They prote ihat a vast amount of the 
matter of the universe actuaUy eiists in the state of vapor. 

3. The sun, and probably the fixed stars, appear to be examples of immense 
globes so far oondenaed as to be in a fluid state by iotease heat. This heat, 
perhaps, is still powerful enough to dissipate the more volatile materials, 
-which form a vast zone acouud the sun's equator and produce the zodiacSii 
light, 

4. The process of refrigeratiou £4>pears to be still iarther advanced Dpoa 
the moon ; so much so that it bas ceased Co be self-lumiDnua. And yet its 
entire surtace bears the marks of volcanic desolatioo ; no that it is doubtful 
whether even yet it is in snoh a condition Ihat beings like man could inhabit 
it BakeaeU's &eology, p. 3S4. 

B. Some of the- other planets appear to be in a transition state between 
habitable aiid unihhabitable worlds. Thus, p. remarkable nebulosity sm'- 
roundg the asteroid planets, Juno. Ceres, and Pallas. Jupiter is not improb- 
ably covered with water, and Saturn by a fluid lighter than water. 

e. All th^e fauls render it probable that other worlds are passiug througli 
the Buooeasive stages of refrigeration to which the hypotheais under Cou- 
sideratioa supposeB the earth to have been subject, "niey afford ns some 
glimpses of a rar-reaebiog law of nature tin this suhjeot. 

Second hypothesis. This hypothesis supposes the globe to have 
been created a mass of combiistiblea and metals uncombined; to 
which were suddenly added water, the atmosphere, chlorine, iodine, 
and perhaps hydrogen. The chemical action that would ecsae, 
would produce an intense ignition and combustion of the whole 
Burfece of the planet; a new and oxidized orust would be formed 
over it; that crust would be rent and dislocated, as we now find it 
to have been. But as the crust became thicker, water and other 
agents, which act energetically on the unoombined metals, would 
less frequently reaoli ^em, and at length the stirfaoe would be- 
come habitable. Am. Jour. Science, vol. 14, p. 88. 



Proof. It ia not pretended that any facts directly corroborative of this 
hypothesis are known. But tbe facility with which it explains the changes 
that have taken place on tbe globe, Is supposed to render it probable. 



Prin. It is doubtful whether geologista will ever be able from 
their science to ascertain the state of things at the beginning, or 
the first condition of created matter. For though they may go far 
backward in tracing the changes which the earth has undergone, 
yet tjie condition of things becomes so different from the present 
the farther they penetrate the past, that the thread of analogy fails. 
Hence it is that so many theories of the earth have not only been 
failures, but have brought ridicule upon the whole science of geol- 
ogy. When geologists shall be contented to trace effects to their 
proximate causes only, and leave the origin of things iintouched, 
they will find their science resting on a firm foundation. Whewell's 
FhalosofAy of the Inductioe Sciences, vol, 2, p, 136. London, 
1840. 
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Tntatsity of Action in the Causes of Geological Change, or the 
Doctrine of Catastrophe and of Uniformity. 

First theory. Mr. Lyell contends that the causes of geologioal 
change now operating upon the globe, with no increase of intensity, 
that is, acting with no more energy than at present, are sufBeient 
to account for all the revolutions which the critst of the eartb has 
undergone. He admits of no irregularities of catastrophes greater 
than now take place ; and supposes that the effects which transoenii 
aoy single effect of existing causes, have been the result of repeti- 
tions, sometimes almost endless, of present agencies. In other 
words, he supposes that things have remained from the beginning 
subject to no greater changes than they experience at the present 
time. To prove these positions, is the great object of his able 
work on the Principles of Geology. 

Bern. ■ In his address before the London Geological Society in 
1851, Sir Charles- states this principle in a more cautious and less 
objectionable form, as follows : — " That the ancient changes of the 
animate and inanimate world, of which we find memorials in the 
earth's crust, may be similar, both in kind and degree, to those 
which are now in progress." In that address he has made a very 
ingenious use of the later discoveries in geology to sustain his 
views. Quarterly Journal of Geological Socleli/, May 1851, p. 33. 

Proof 1. It is agreed on all hands, that the nature of geological 
causes lias been the same in all ages ; although even as late as the 
time of Cuvier, he says that " none of the agents nature now em 
ploys were sufficient for the production of her anctent works." 

'2. An indefinite repetition of an agency on a limited scale, can 
produce the same effects as a paroxysmal effort of the same agency, 
however powerful ; provided the former is able to produce any 
effect, as for instance, in the accumulation of detritus, the eleva' 
tion of continents, the dislocation of strata, &e. Now it is unphi- 
losophical to call in the aid of extraordinary agency, when its ordi- 
nary operation is sufficient to explain the phenomena. 

3. Nearly every variety of rook found in the crust of the globe 
has been shown to be in the course of formation by existing aque- 
ous and igneous agencies ; and if a few have not yet been detected 
in the process of formation, it is probably because they are pro- 
duced in places inaccessible to observation. 

Second theory. This theory admits that no causes of geological 
change different in their nature from those now in action, have 
ever operated on the globe; in other words, that the geological 
processes now going on, are in all eases the antitypes of those 
which were formerly in operation; but it maintains that the existing 
causes operate now in many oases, with less intensity than formerly. 
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Proof 1- The spheroidal figure of the earth and other facts 
already detailed, seem to render almost certain tbe former fluidity 
of the globe. Now, whether that fluidity was aqueoua or igneous, 
or both iu part, it is certain that the agencies which produced it 
must 'have operated in early times with vastly greater intensity 
than at this day, and that their energy must have been constantly 
decreasing from that time to the present. 

2. Still more direct is the evidence from the character of organic 
remains in high latitudes, of the prevalence of a temperature in 
early times hotter than tropical ; too warm, indeed, to be explained 
by any supposed change of levels in the dry land. And if this be 
admitted, heat must have been more powerfiil in its operation than 
at present; and this would increase the ac[ueouB, atmospherio, and 
organic agencies of those times. 

3. No agency at present in operation, without a vast increase of 
energy, is adequate to the elevation, several thousand feet, of vast 
chains of mountains and continents, such as we know to have taken 
place in early times. A succession of elevations by earthquakes, 
repeated through an indefinite number of ages, the vertical move- 
ments being only a few feet at each recurrence, is a cause inade- 
quate to the effect, if we admit that earthquakes have exhibited 
tneir maximum energy within historic times. If we could suppose 
a succession of earthquakes, acting for thousands of millions of 
years along some anticlinal asis of great length, we have reason to 
suppose from their known operation, that sometimes they would 
elevate, and sometimes sink down the surface ; so that the final re- 
sultant would be probably little change of level, and not an eleva- 
tion like the Asdes or the Himmalajah mountains. 

4. In a majority of cases, the periods of disturbance on the globe 
appear to have been short compared with the periods of repose 
that have intervened ; as is obvious from tbe fact that particular 
formations have the same strike and dip throughout their whole 
extent; unless some portions have been acted upon by more than 
one-elevatory force; and then we find a sudden change of strike 
and dip in the formations above and below, ffhereas, had any of 
the causes of elevation now in operation lifted up these formations 
by a repetition of their present comparatively minute efiects, there 
ought to be a gradual decrease in the dip from the bottom' of the 
formation upwards, and no sudden change of dip between any two 
consecutive formations, unless some strata are wanting. At the 
periods of these elevatory movements, therefore, the force must 
have been greater than any that is now exerted, to produce analo- 
gous efEeets. 

5. The sudden and remarkable changes in the organic contents 
of the strata, as we pass from one formation to another, even when 
none of the regular strata are wanting, coincides exactly with t'le 
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suppoBition of long periods of repose, succeeded by destructiTO 
catastrophes. Nor is the sapposition that species of animals and 
plants have become gradually extinct, aud have been replaced by 
new species, by a law of nature during periods of repose, sustained 
by any facts that have occurred within the historic period : no ex- 
ample having been discovered of the creation of a new species by 
' such a law ; and only a few esaniples of the extinction of a species. 
WhewdVs Hist. Indue. Set., vol, 3, p. 589. 

6. We have no evidence that the most important of the older 
rocks, both stratified and uustratified, are produced by any causes 
now in operation. That they may be produced deep in the earth, 
where igneous causes are still in intense operation, is a plausible 
hypothesis, but unsustained by a single example of the production 
of mica slate, gneiss, granite, or syenite. The highly crystalline 
and in other respects peculiar character of these rocks, as well as 
their entire deficiency of traces of organic existence, when they 
■were formed, point to a state of the globe different from the 
present, but different only because existing causes, especially heat, 
operated then with greater energy than at present. 

7. Upon the whole, were we to confine our attention to the ter- 
tiary and alluvial strata, it might be possible to explain their phe- 
ndmena by existing causes, operating with their present intensity. 
But when we examine the secondary and hypozoic rocks, we are 
forced to the conclusion that this hypothesis is inadequate ; and 
iJiat we must admit a far greater intensity in geological agencies 
in early times than at present. 

8. But the question here arises, how long a period shall we as- 
sume as a measure of the intensity of existing agencies ? The 
most strenuous advocates of the doctrine of uniformity will admit 
of some oscillation in the intensity of these agencies ; because a 
single year shows it. How then shall we determine how wide that 
oscillation may be ? In order to obtain the average intensity, 
how can we say but that all geological cycles must be included r 
To make any particular portion of time the measure of all the rest, 
must be an arbitrary assumption. And, therefore^ we cannot as- 
certain what is the standard or the ayerage of intensity ; and until 
this can be done, is the subject considered under this head any. 
thing more than a controversy about words ? The alluvial period 
has been assumed in the above argument as the measure of all that 
have gone before it. But can any reason be given why this should 
be taken rather than a longer one ? and who knows how much 
greater intensity existing causes may yet exhibit, during the allu. 
vial period, than they have done ? Since we know that some ca- 
tastrophes, however small they may be regarded, Lave occurred 
during the alluvial or historic period, all presumption against 
more powerful ones in future is taken away ; and aa to past 
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changes, we most judge of the intensity of the prodncbg i^encies 
by the effects. See an able view of this subject in WfiewdPs Phi- 
iosophyofthe Inductive Sciences, vol. 2, p. 123. 

Theory of Organic and Inorganic Frogression. 

JUm. This subject miglit be regarded, perbapa, as embraced In that just 
coiiBidered ; and geuerally, whoever adopts the uniformitariaQ views of geo- 
logical canseH, embraces also that of noQ-progresaion. Tet the two theoriea 
demand a separate conekteratiuD. 

Descr. The doctrine of ioorganic progression implies that the 
matter of the globe has passed through a series of changes, con- 
tinuous or discontinuous, whereby the surface has been rendered 
fit for higher and higher raoes of organic beings. Organic pro- 
gression implies that beings of a higher and higher grade of or- 
ganization and faculties have successively peopled the earth. 

Froo^. 1. As the temperature of the interior of the earth is 
much higher than that of surrounding spaee, by the laws of heat 
there must be a constant radiation of heat into space, and unless 
this can be proved to have proceeded in a cycle, or without end, — 
which cannot be done, — the earth must have been constantly nn- 
'dergoing physical changes. If this process of refrigeration -has 
been going on long enough, there must have been a time when the 
Borfaoewas too hot for any kind of organic beinm to exist upon it. 
And when it beoame possible for some sorts to be placed upon it, 
it was still unadapted for those of complicated organization. 
2. Accordingly, we find but a few of the flowering plants, or of 
vertebral animals, in the lowest rocks, and their number and perfec- 
tion have for the most part increased from the first, while the lower 
closes have made but little progress, and perhaps in some instances 
have retrograded. 3. The surface has been rendered capable 
of sustaining beings of a higher organization in three modes ; first, 
by the operation of aqueous and atmospheric agencies the quantity 
of soil has been increased; secondly, animals and plants have 
eliminated lime from its more hidden combinations, and converted 
it into carbonate and sulphate; thirdly, the surface has reached a 
statical condition, and the climate is more congenial to such 
natures. 

Ohjection I. Tbe progress of geological research tends more 
and more to show us that tbe great changes which the rocks have 
esperienoed have resulted from long- continued agencies rather 
than paroxysmal movements, and that the past condition of things 
does not seem to have difiered much from the present, 

Ans. There has certainly been a great change of opinion as to 
the character of geological agencies since Sir Charles Lyell, twenty 
yeurs ago, called the attention of geologists to the subject. But in 
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suoh a ease there ia danger of swiDging off into the opposite ex- 
treme, yfe may reasonablj admit that men have been too prone 
to call in the aid of paroxysmal movement, and peouliar couditiona 
and causes, to explain phenomena; but so long as it is true, that 
carbonate and sulphate of lime hftve been increasing, and the com- 
minution and increase of soils have been going on, and especially 
since the earth's temperature has been diminishing by the laws of 
radiation, an alteration of condition and of intensity in the causes 
of change has been inevitable, and consequently in the adaptation 
of the surface to different kinds of organisms; nor can there be 
any doubt that it has been an improved rather than a retrograde 
process. 

Ob/', 2. Almost every year brings to light in the rocks evidence 
of the existence of more perfect animals and plants at an earlier 
date than had been knomi, and since the greater part of the earlier 
fosaiis are marine, perhaps the number of air-breathing vertebrate 
animals and of flowering plants found among them, is almost aa 
great as we ought to expect, even if the present condition of 
things has existed from tlie earliest Silurian periods. 

Ans. It is true that one or two examples of Batrachiana and 
Ghelonians Mve been found as low m the Devonian series, but not 
one In the vast formations below, nor a single example of mammals 
till we rise to the trias ; whereas in the tertiary we find 392 species 
of mammals, ami in the alluvial, 358 species ; and among existing 
animals, 2,030 species ; and a similar prodigious increase of more 
perfect forms exists in almost all other vertebral tribes, and vascu- 
lar plants. While, therefore, the discovery of now and then a 
species of higher organization shows thjit their esiatenoe was possi- 
ble at the earlier periods, yet it tf ill require a vast number of such 
discoveries to prove the proportion between the mora and the less 
perfect to have been then as now. And until that be proved, the 
evidence of progreaaion remains unaffected. 



Hypothesis of creation and development in/ Law. 

Descr. This hypothesis, when fully stated, embraces three dis- 
tinct branches. The first supposes the present universe to have 
been developed by the power of natural law from nebulous matter, 
without any special Divine Interposition, according to, the views 
of the eminent mathematician. La Place. This has been called 
the cosmogony of the subject. The second supposition is, that 
certain laws, inherent in matter, are able of themselves to produce 
tbe lowest forma of life without special creating power. This 
forms the Zoogony of the subject. Tbe third supposition ia, that 
in tbe ioffeat forms of organisation thus prodsoed, otiUed inoeadG, 



Hcssdb, Google 



384 CEEATION BY LAW. 

there exists an inherent tendency to improTement. And thns 
from a mere maaa of jelly vitalized, higher and more complicated 
organic forms have been eliminated, until man at last was the re- 
sult. Thia is called the Zoonomj of the subject. 

Jiem. The eupposed proof of this hypothesis is derived from astronomy, 
physiology, galyaoism, botany, zoology, and geology. But it is only the ar- 
gumeat from the latter subject that can receive any attention in this work. 

Rem. 2. Wheathis bypothesis ia fully carried out, itia intended and adopt- 
ed Ut vindicate atheism. See Oktn's Phu^o-Philoaophy, Jj>ndon, 1847. 
When advocated by a profesaed believer in the Deity aud even iu revelation, 
it IB nmde to assume a much more attractive aspect. See Veatigee of the 
Ifatural Hiatory of Creation. JVeio ¥ork, 18*6, leith a tegvfl in 1816. The 
proposed objeat of these latter works is to prove that tie whole revelatimi 
of the works of Ood. presented to our senses and reason, is a system based 
" on what wft are compelled, for want of a better term, to call late" But if 
the views are adopted, they virtually annihilate the doctrines of roiraoulous and 
special Providence and of prayer. See my Religion of Oeolagti, LecUiTt IX.; 
alto Sedgvnek'e Diieowrte on the Slmiiei of the Univereity, Mfth Edition, Lon- 
don, 1860. Also Bagh Miller'e Aiterolopit ; or. Footprints o/' the Creator: 
also Reviews in almost all the leading Periodicals in Great Britain and thia 
country for afewyeara past. 

Supposed Geological Proof of the kypothesis. 

1 In the oldest fo^iliferouB rocks we find chiefly the more sim- 
ple invertebrate animals and flowerlesB plants, and the more perfect 
ones came in gradually, increaaing in numbers and complexity of 
organization to the present time. The lowest vertebrate animals 
were fish ; then reptilea succeeded, then birda, then mammals, then 
man. Here we see the aeries gradually expanding, just as this 
theory requires. 2. There was probably a distinct stirps, or root, 
for each of the great classes of animals and plants, mith which it 
started, from which the development proceeded along as many 
great lines as there are classes. This supposition shows why we 
find representatives of all the classes in the lowest rooks. 

Answer 1. In all the 26,000 species of organic remains dug 
from the rocks, they are just as distinct from one another as exist- 
ing species ; nor is there the slightest evidence of some having 
been developed from others. 2. The gradual introduction of 
higher races is perfectly explained by the changing condition of the 
earth, which being adapted for more perfect races. Divine Wisdom 
introduced^them. 3. For the most part the new races were intro- 
duced by groups, as the old ones died out in the same manner. 
The new groups were introduced at once; pointing clearly to 
creation rather than development. 4, If anywhere, we ought to 
find evidence of development and metamorphosis in the human 
species. But so immeasurably ia man raised by his moral and in- 
tellectaal fftcolties above the aniuiab next below him in rank, that 
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the idea of his gradual eyolution from them, is absurd. Man's 
moral powers, for instance, wfiich are his noblest distinction, do 
not eiist at all in the lower animals. Nothing but miraculous 
creation can explain the existence of man, 5, The admission of a 
distinct strip for each of the classes, is a virtual abandonment of 
the whole hypothesis; for it admits, for example, that a flowering 
plant and a vertebra] animal commenced two of these series, 
although to reach such a height of organization, requires, by the 
same hypothesis, a transmutation through all the flowerle^ plants 
and invertebrate animals. 6. There is decisive evidence that in 
many oases during the geological periods, animals, instead of as- 
cending, descended on the scale of organization from the more to 
the less perfect. Of the fishes generally, Hugh Miller says, that 
" the progress of the race, as a whole, though it still jetains not a 
few of the higher forms, has been a progress not of development 
from the Sow to the high, but of degradation from the high to the 
low." Among the invertebrate animals, says M. Alcide D'Orbigny, 
" the cephalopods, the most perfect of the mollusks, which lived in 
the early period of the world, show a progress of degradation in 
their generic forms," — and again, "the mollusks, as to theit 
classes, have certainly retrograded from the compound to the sim- 
ple, or from the more to the less perfect." Cours Ekmentaire de 
PakoTtfj)logie et Geologie, Premiere Partie, p. 293, Paris. 1830. 
7. G-eology shows us that there was a time when organic life first 
appeared on the globe, and an indefinitely long period when no 
animals or plants existed. What gave the laws of nature the 
power, all at onoe, to start the new races ? Why was not that 
power put forth earlier, or even from eternity, if the world existed 
from eternity? In short, of all the sciences, -leoiogy affords the 
fewest facts to sustain this hypothesis. No other science presents 
US such repeated examples of special miraculous intervention in 
nature. 

Character and Repletion of Metallic Fctws. 

Rtm. The subject of metailio veins, — one of tlie moat diMoidl in geology, 
althoQgh touohBd upon iu eeveral places in this worlt, has beeu maiiilj de- 
terred to this place ; because it could not be well understood without an ac 
quaintance will] nearly the whole of geology. 

Descr. The metallic matter, called ore, rarely occupies the whole 
of the vein ; but is disseminated more or less abundantly through 
the quartz, sulphate of baryta, wacke, granite, &c., which constitutes 
the greater part of tlie vein, and is called the gangue, matrix, or 
veinstone. Often the ore and the gangue form alternating layers. 
Sometimes there are cavities lined with crystals, which cavities are 
osUed dniaei. 
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D^cr. Metallic like other veina vary very mucli in width, both 
in a vertical and a horizontal direction. They are of unknown 
depth ; for soareely ever liave they heen exhausted downward. 
The deepest mine that has been worked, is that at Truttenberg in 
Bohemia ; which has been explored to the depth, of 3,000 

Descr. In all cases metallic like other mineral veins, are filled 
with matter different from the rocks which they traverse. In 
some instances they are obviously of the same age with the con- 
taining rock, but in a majoritv of cases, they are fissures that have 
been subsequently filled. Tney exhibit almost every variety of 
dip and strike, and yet it has been thought that they very often 
afieot aa east and west direction, though fret[uently they run north 
and south, and their dip usually approaches the perpendicular. 
These veins often ramify and diminish until they finally disappear 
Their width is very various; from a mere line, up to some hun- 
dreds of feet. The metallic veins of Cornwall vary from aa inch 
to 30 feet iu width. The contents are sometimes arranged in suo- 
oessive and often corresponding layers on each side. 

Descr. The contents of metalliferous veins often vary in the 
same vein, in difierent rocks, through which it passes, both perpen- 
dicularly and in the direction of the vein. Its width also varies in 

Descr, Metallic veins are most numerous in Itypozoic and paleo- 
zoic rooks. No vein is worked in Great Britain above the new 
red sandstone. Nor are any explored of much importance, above 
the carboniferous limestone. .In the Pyrenees, however, hematitio 
and spathic iron occur in transition strata, in the lias, and the 
chalk. In the Cordilleras of Chili, also, tertiary strata, which 
have become crystalline by the proximity of granite, are traversed 
by true metallic veins of iron, copper, arsenic, silver, and gold, 
which proceed from the underlying granite. 

Descr. As a general fact, metallic veins are most productive 
near the junction of stratified and unstratified rooks. Their pro- 
ductiveness depends also on their direction, in some measure ; an 
east and west direction being regarded as the most &vorable in 
Cornwall ; while the cross courses, or north and south veins, are 
usually unproductive. 



Ueicr. Mr. Carne finds evidence in Cornwall of the existence of metallic 
veina of no 1»b thao six or eight different agea ; a case audogoue to the one 
eihibiled on Plate 2. Whewdrs HiU. Indue. Sciences, voL 8, p. 640. 

Fig. 203 n a section of tin and copper veina oeHr Redruth in ComwolL 
The^ generally pass from the killas, or alate, into tbe granite beneutli. The 
BWtioo reachea to the depth of 1,200 feet. Tbe dotted lioes repreaenta the 
tb lodes, (veins,) and the continuous lines, the copper lodes. 
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1 Weraer supposed that veins were 
figures filled by aqueouii m&ltratiou 
trom abcve But it is probable that 
this hjpotliesia will '^pplj to seireely a 
single example of all the vanetiea of 

2 Hutton supposed that lems were 
filled by melted mattpr injected from 
beneath. And the tdots that have been 
detailed in this work, make it almost ear- 
taiu, that a lajge part of the Terns, filled 
by unstratifled rock, were thus produced. 
Indeed, it is often practioable to trace 
these veins to the central mass from 
which they proceeded, and to follow them 
at the other extremity, as they thin off 

It is almost equally certain 



that many metallic v 
duced. 

3 Prof Sedwwick lupposei i 



J pro- 




h kwhjohw fid 

I h h m g g h 

only known principle by which the veins 
could have been formed. 

4, Mr. Fox and M. Becquerel refer the origin of many metallic 
veins to electro chemical agencies which are operating at the pres- 
ent day, tc transfer the contents of veins even from the solid rocks, 
in which they are disseminated, into fissures in the same. The 
former of these gentlemen has shown conclusively, that the mate- 
rials of metallic veins, arranged as they are in the earth, are capa- 
15 
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ole of eserting a feeble electro -magnetic influence; that is, they 
conatitate galpanic circuits, wLereby numerous decompositions, and 
recom position 8, and a transfer of elements to a considerable dis- 
tance, may be effected. He was induced to commence experiments 
on tbis subject, by the analogy which he perceived between the ar- 
rangements of mineral veins and voltaic combinations. And he 
thinks if such an agency be admitted in the earth, it shows why 
metallic veins, having a nearly east and west direction, are richer 
in ore than others; since electro -magnetic currents would more 
readily pa^ in an east and west than in a north and south direc- 
tion, in consequence of the magnetism of the earth. M. Becquerel 
has shown, that even insoluble metallic compounds may be pro- 
duced by the slow and long- continued reaction and transference of 
the elements of soluble compounds by galvanic action. He has 
also made an important practical application of these principles, 
which is said to be in successful operation in France; whereby the 
ores of silver, lead, and copper, are reduced without the use of mer- 
cury. Buckland's Bridgeuiater Treatise, 2d Edition, p. 552 and 
615, vol. 1, and p. 108, vol. 2. This ingenious theory bids fair to 
solve many perplexing enigmas relating to metallic veins, and to 
prove that some of them may even now be in a course of forma- 

5. M. Neckar and Dr. Buckland suggest that some mineral veins 
may have been filled by the sublimation of their contents into fis- 
sures and cavities of the superincumbent rocks, by means of in- 
tensely-heated mineral matter beneath. Thus it has been shown 
that by heating galena in a tube, and causing its vapor to unite 
with that of water, a new deposition of that mineral was produced 
in the upper part of the tube; and in a similar manner boracio 
aoid, which by itself does not sublime, may be carried upwards and 
deposited anew. Buckland's Bridgemater Treatise, -vo\. 1, p. 551. 
PhiUips^ Gedogy, p, 273. 

CoTid'oHon,. Probably it will be necessary Co call in the aid of nearly all 
tiie precediog hypotheses to ezplain the complicated phenomena of minei al 

For, accurate aceouDts of this difficult subject gee Phillip^ TreatUt on Oe- 
ology, vol. a, chapter tiii. Also De La BesMa Oeologkal BeporC on Com- 
vail and Devon, chapter x. Also Antl«d'a Geology, voL 2, p. 244. 
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OONNBCTION BETWEEN 

SECTION IX 

CONNEOTJOH BETWEEN GEOLOGY AND NATUB.41. AND REVEAI-ED 



1, Illustrations of Natwal Religion from Gedogy. 

Rtm. The bearing of geology upon religion, has alwajo excited a good deal 
of interest and discussion ; and being in soma respects peculiar and import- 
ant, a treatise on geology, which omits this subject, must be cDusidered as 

Prin. Geology ahowa us that the existing system of things upon 
the globe had a beginning. 

Proof. 1. Existing continents have been raised from the bottom 
of the sea, where most of their surface was formed by depositions. 
2. With a few exceptions, the existing races of animals and plants 
must have been created since the deposition of all the rocks except 
the alluvial, since their remains do not occur in the older rocks. 
Hence it appears that not only the present races of organic beings, 
but the land which they inhabit, are of comparatively modern pro- 
duction. 

Inf. 1. Hence it is inferred that the existing races of animals 
and plants must have resulted from the creative agency of the Su- 

Ereme Being; for even if we admit that existing continents might 
ave been brought into their present state by natural 'causes, the 
creation of an almost entirely new system of organic beings, could 
have resulted only from an exertion of an infinitely wise and pow- 
erful Being. Indeed, the bestowment of life must be regarded as 
the highest act of omnipotence. 

Inf. 2. Hence the doctrine which maintains that the operations 
of nature have proceeded eternally as they now do, and that it is 
unnecessary to call in the agency of the Deity to explain natural 
phenomena, is shown to be erroneous. 

Inf. 3. The preceding inferences being admitted, natural theol- 
ogy need not labor to disprove the eternity of matter, since its 
eternal duration might be admitted, without affecting any import- 
ant doctrine. See Chalmers' Works, vol. 1, chap. v. on Natural 
Tiieology, where this subject is admirably treated. 

Prin. Several different systems of organic life have appeared on 
the globe, adapted to its varying conditions, as to temperature, 
moisture, food, and other circumstances. In the opinion of many 
geologists, also, numerous changes took place on the globe pre- 
vious to the creation of animals and plants ; all of wbioh tended to 
prepare it for their dwelling place. 
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Inf. 1. Henoe it appears that the Deity Las always exercised 
over the globe a superintending Providence, and whenever it was 
necessary, has interfered with the regular sequence of events. 

Inf. 2. A presumption is also hence obtained, that the matter 
of the globe had a beginning,' or at least, all presumption against 
its creation out of nothing, is taken away. For there must have 
been a commencement to a series of changes in which there is con- 
tinued improvement, (such as the globe has actually experienced,) 
and it is <t priori as probable, that at the beginning of these 
changes, matter was called into existence, as that at successive pe- 
riods new raees of animals and plants were created. 

Prin. In all the conditions of the globe from the earliest times, 
and in the structure of all the organic beings that have eueoesa- 
ively peopled it, we find the same marks of wise and benevolent 
adaptation, as in existing races, and a perfect unity of design ex- 
tending through every period of the world's history. 

Proof. 1. The anatomical structure of animals and plants was 
very diferent at different epochs; but in all cases the thange was 
fitted to adapt the species more perfectly to its peculiar condition, 
2. To communicate the greatest aggregate amount of happiness, is 
a, leading object in the arrangements of the present system of na- 
ture : and it is clear from geology, that this was the leading object 
in all previous systems. 3. The existence of carnivorous races 
among existing tribes of animals tends to increase the aggregate 
of enjoyment, first, by the happiness which those races themselves 
enjoy; secondly, by the great reductioo of the suffering which dis- 
ease and gradual decay would produce, were they not prevented 
by sudden death ; and thirdly, by preventing any of the raees from 
such an exoessive uiultiplication as would exhaust their supply of 
food, and thus produce great suffering. Now, we find that carniv- 
orous races always existed on the globe, showing a perfect unity of 
design in this respect. Thus whea the chambered shells, so abun- 
dant in the secondary rocks, and which were car.nivorous, became 
extinct at the commencement of the tertiary epoch, numerous uni- 
valve molluscs were created, which were carnivorous; although 
till that time these races had been herbivorous. 

Inf. From these statements we infer the absolute perfection, 
and especially the immutable wisdom of the Divine character. A 
minute examination of the works of creation aa they now exist, dis 
closes the infinite perfection of its Author, when they were brought 
into existence ; and geology proves Him to have been unchange- 
ably the same, through the vast periods of past duration, which 
that science shows to have elapsed since the original formation of 
the matter of our earth. 



Hcssdb, Google 



PROOFS OF DIVINE BENEVOLENCE. 341 

Prin. Geology, furnishes many peculiar proofa of the benevo- 
lence of the Deity. The following are the most striking. 

I, TAe Formation of SoUs hy the Decomposition of Rocks. 

lUus. The disintegration of rocks, which we everywhere witness, 
strikes the mind at first as an eshibition of decay indicating some 
defect of contrivance on the part of the Deity. But when we find 
that the soils resulting from this decomposition are exactly adapted 
to the growth of plants, and that these are essential to the eiist- 
ence of animals, we can no longer doubt but we have before us a 
bright exhibition of benevolent design. 

2. The Disturbances that have taken place in the Earth's Crust. 

Mus. To a person not familiar witJi geology, the elevation, dis- 
ruption, contortion, and overturnings, exhibited by the roeks, pre- 
sent a scene of confusion and chaos rather than proofs of benevo- 
lent design. But suppose the strata had remained horizontal, as 
first deposited. Nearly all the beds of valuable roeks and min- 
erals must have been hidden from, human view, and rendered inac- 
cessible. Bat the disturbances experienced by these strata have 
brought them witbin the reach of human industry. Design then 
Ih manifest in this apparent confusion. 

3. The F^mation of Valleys. 

Ilhis. In mountainous countries these have resulted mainly from 
the elevation and dislocation of the strata. They have, however, 
been greatly modified and rendered beautiful and arable, by means 
of atmospheric and aqueous agencies ; and to these latter causes 
most of the valleys in level countries owe their origin. Now, with- 
out valleys, the earth would be uninhabitable ; because there could 
be no circulation of water, and stagnation and death would per- 
vade all nature, even if we admit enough of inequality to redeem » 
part of the earth from the ocean. 

4. The Distribution {f Water. 

Illits. We might at first suppose, that in mountainous regions, 
all the watei- would soon be accumulated in the valleys. Whereas 
such are the nature and situation of the soil and rocks, that the 
ridges are usually as well watered as the valleys. The alterna- 
tions of pervious with impervious strata form natural reservoirs of 
water in the earth, and those dislocations of the strata, termed 
fiiults, tend to render these reservoirs still more perfect, while the 
fiwt that springs occur in almost every part of the earth, show that 
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enough communications exist to the surface to allow of the paS' 
Bage of sufficient water for the support of animals and vegetables. 
These springs, uniting into rivers, find their way into the ocean, 
where an equal quaatity of water is evaporated, and brought back 
by clouds into the regions where this perpetual drain is going on. 
Thus a constant circulation is kept up, while the hydraulic arrange- 
ments of the earth's crust are such as to keep a constant supply in 
all those places where it is needed. Surely nere is benevolent de- 
sign, and design, too, brought about by apparent disorder and 
confusion. 

5. The Disti-ibtitum of M^allk Ores. 

lUus. If the earth has been in a state of fusion, we should ex- 
pect that the metals, being generally heavier than other minerals, 
would have accumulated at the centre, and have disappeared from 
the earth's crast. But by means of sublimation, segregation, and 
other ^encies, enough of these metals has been brought so near 
the surface as to be accessible to man. Yet they are not so abun- 
dant, nor so easily obtained, as not to demand patient industry 
and ingenuity, whose exercise is indispensable to human improre- 
ment and happiness. Again, the most important of these metallic 
ores, — iron, lead, copper, &o., are most abundaatly distributed and 
most easily obtained. 

6. Drift Ageney. 

lUus. The effect of those powerful agencies, until recently re- 
garded as exclusively diluvial, that have swept over large portions 
of the earth's surface in past times, has been to wear down its more 
rooky and salient parts, to convert steep escarpments into gentle 
slopes, and to increase the quantity of soil, and spread it more ex- 
tensively over the surface. Henoe, though at first a desolating 
agency, its ultimate effect is most salutary. 

7. Volcanic Agency. 

lUus. It operates, in the first place, as a safety valve, to pre- 
vent those vast accumulations of heat which exist in the earth, 
from rending whole continents in pieces; in the second place, it 
aids in raising continents from the ocean and in the formation of 
valleys. 

Oi?'. Why should not a benevolent Being, who is omnipotent, 
secure to his creatures the benefits which result from voloanio 
agency, without the attendant evils, such-- as the destiuction of 
property and life ? 

Ans. This is a question that meets the student of natural the- 
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ology at almost every step of his progress ; for we find almost uni- 
versally, that evils are incident to operations whose natural ten- 
dency and general effect are henefieial. Probahly it is so, because 
a greater amount of good can thereby he secured in the end. But 
the esiatenoe of evil is one of those difficult subjects whose com- 
plete elucidation ought not to be expected in this world. 

8. The accumtdation of eo^fitisive dtposits t^ coal, rock salt, gyp- 
sum, marble, and otiier valuable miiierah,for ths use of man 
during the long periods that preceded his existence 

Slus. While the earth was in a state unfit for the animals and 
plants now existing upon it, it was covered with, a gigantic vegeta- 
tion, whose relics became entombed, and were gradually converted 
into those beds of coal, which are now in the course of disinter- 
ment, and which are so important to human improvement and hap- 
piness. Then also, rock salt, gypsum., and marble were slowly 
preparing for the service of beings to be created centuries after- 
wards. Can there be a doubt but this is a beautiful example of 
the prospective benevolence of the Deity ? 

91 The adaptation of the natures of different groups of ani- 
mals t9 the varying condition of the globe. 

lUus. The Deity intended the world ultimately to become the 
residence of intellectual and moral beings ; but for wise reasons he 
chose to bring it by slow processes of change into a fit condition 
for their residence. Yet his overflowing benevolence prompted 
Him \o people the world, during this transition state, with animals 
whose natures were perfectly adapted to its condition. And as 
often as that condition changed, did he change its inhabitants and 
their constitution. He mignt have left it desolate during these 
mighty periods of preparation. But infinite benevolence would 
Dot permit. 

The Wi^rld in a Falkn State. 

Prin. In spite of these evidences of Divine benevolence, geol' 
ogy unites with all other sciences, and with experience, in showing 
the world to be in a fallen condition, and that this condition was 
foreseen and provided for, long before man's existence, so that he 
might find 3 world well adapted to a state of probation. 

Proof. 1. It appears that the laws and operations of nature 
have been the same, essentially, as at present in all ages. 2. That 
the same systems of sustenance, reproductioo, and death, have 
always prevailed. 

Inf. 1. Hence it must always have been impossible, iu thia 
world, to have avoided severe suffering : ex. gr. pain and death. 
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Inf. 2. Hence it Las never been such a world as perfect bencTO- 
lence would have prepared for perfectly holy and happy beinga ; 
though benevolence has always so decidedly predominated in it, as 
to show it to be a world of probation and mercy, not of retribution. 

Prin. Greology enlarges our conceptions of the plans of the 
Deity. 

Exant. \. The prevailing opinion, until recently, timita the 
duration of the globe to man's brief existence, which estends 
backward and forward only a few thousand years. But geology 
teaches us that this is only one of the units of a long series in its 
history. It develops a plan of the Deity respecting its prepara- 
tion and use, grand in its outlines, and beautiful in its execution ; 
reaching far back into past eternity, and looking forwards, perhaps 
indefinitely, into the future. 

2. Kaoi successive change in the condition of the earth thus 
^, appears to have been an improved condition ; that is, better 
adapted for natures more and more perfect and complicated. In 
its earliest habitable state, its soil must have been scanty and 
sterile, and almost destitute of calcareous matter, except in the 
state of silicates, which plants decompose with difficulty. The 
snrfeoe also, was but little elevated above the waters ; and of 
course the atmosphere must have been very damp; though the 
temperature was very high. Every subsequent ohange appears to 
have increased the quantity and fertility of the soil, the amount 
of the salts of lime and geine, and the dryness of the atmosphere. 
Should another change occur, similar to those through which it 
has already passed, we might expeet the continents to be more 
fertile, and capable of supporting a denser population. 

3. It appears that one of the grand means by which the plana 
of the Deity in respect to the material world are accomplished, is 
constant ohange ; partly mechanical, bnt chiefly chemical. In 
every part of our globe, on its surface, in its crust, and we have 
reason to suppose, even in its deep interior, these changes are in 
constant progress; and were tiey not, universal stagnation and 
death would be the result. We have reason to suspect also, that 
changes analogous to those which the earth has undergone, or is 
now undergoing, are taking place in other worlds ; in the comets, 
the ann, the fixed stars, and the planets. In short, geology has 
given U8 a glimpse of a great principle of instability, by which the 
stability of the universe is secured; and at the same time, all these 
movements and revolutions in the forms of matter essential to the 
existence of organic nature, are produced. Formerly the examples 
of decay so common everywhere, were regarded as defects in 
nature; but they now appear to be an indication of wise and 
benevolent design :^a part of the vast plans of the Deity for so- 
curing the stabdity and happiness of the universe. 
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2. Contiection of Geology with Revealed Religion. 

Prin. EevelatioB does not attempt to give iastruction in the 

firinciples of science: nor does it use the precise and aocurato 
anguage of science ; but the more indefinite language of commoH 
life. Nor does science attempt to teach the peculiar truths con- 
tained in revelation. 

Inf. I, Hence it is onlj where revelation incidentally touches 
upon the same points as science, that the two subjects can he 
hrought into comparison. 

It^. 2. Henee there may be aj^rent discrepancy between the 
two subjects, when there is real agreement on account of a differ- 
ence in the language employed : ex. gr. : the Bible apparently 
contradicts astronomy, when it asserts that the earth is immov- 
able, and that the sun rises and sets; but that here is no real dis- 
agreement, is too obvious to require proof. 

Inf. 3. Henoe it is reasonable to expect, only that the princi- 
ples of science, rightly understood, should not contradict the state- 
ments of revelation, rightly interpreted. Unexpected coincidences, 
however, may occur between the two subjects ; and these will tend 
to strengthen our belief in the truth of both. 

Inf. 4. Henoe the points of apparent discrepancy ought to be 
more Dumerous than the points of agreement between science and 
revelation, in order to prove a real contradiction between them ; 
for it is as difficult to explain an apparent agreement, where there 
is real discrepancy, as the reverse. 

Faints of Coincidence between Geology and Reveh,tion. 

1. They agree in representing our present continents as for- 
merly covered by the ocean. 

Froof. That they were thus submerged, is one of the best set- 
tled principles of geology; and that revelation, teaches the same, 
appears from Genesis, 1 : 1,9. 

2. They agree as to the agents employed to produce geological 
changes on the globe : viz. water and heat. 

Proof. Water is the only agent directly named in G-enesis, and 
the elevation of the land is imputed directly to the exertion of 
Omnipotence. But in Psalm 104: 2, 4 fo 7, where this opera- 
tion seems to be described, the voice of God's thunder, there re- 
presented as the agent, may reasonably be understood to refer to 
volcanic agency. This same agency is represented as having de- 
stroyed the cities of the plain, according to Dr. Henderson's trans- 
lation of Job, 22 : 15 to aO. A future change in the earth is also 
described as resulting from fire, 2d Peter, 3:10. .See Turner's 
Sacred History of the World, p. 24, 25. 
16" 
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3. They agree in representing the work of creation as progressive, 
after the first production of the matter of the universe. Genesis, 
First Chapter. 

4. Tbey agree in the fact that man was among the latest of the 
animals created to inhabit the globe. 

Rem. Tliis is a vary important poiut. For had tlie remaiua of man been 
touud among the earliest organic relioa, while the Bible represents hini astbe 
iBst animal ei'eated, it would have been difficult to see how the two reoori3a 
could be recondled. 

5. They agree in the feet, that the epoch when the existing 
races of animals and plants were placed upon the globe, was com- 
paratively recent. 

Proof. According to revelation, this epoch could not have been 
more than 6,000 years ago ; and although we cannot as yet con- 
nect geological and chronological time, there are facts which prove 
that the eorameucetnent of the present order of things, and of the 
esisting raeea of animals and plants, cannot have been very remote. 
Their remains occur only in alluvial deposits. Now, the quantity 
of alluvium at the mouths of rivers, although often advancing 
rapidly, is yet comparatively limited. The accumulation of frag- 
ments at the base of steep rooky precipices, is still in most eases 
going on : as is also the formation of peat. But had these pro- 
cesses commenced at an immeasurably remote period, they ought 
ere this to be completed. Wide oceans ought to be converted into 
alluvial plains, precipices should all he levelled, and peat swamps 
be so filled that the process of its tbrmation would stop. 

6. The facts of geology render the future destruction of tie 
earth by fire, a not improbable event. 

Froof. Nearly all geologists admit that the earth contains vast 
reservoirs of heat; and if these are brought into action by the fiat 
of the Almighty, the elements might be melted and the earth and 
the things therein be burned wp. Or it is even easy to conceive 
how this internal heat, without miraculous interference, might, 
under certain circumstances, produce the same result. 

Si^posed Discrepancy between Geology and Revelation. 

Descr. The stipposed discrepancies between 
tion, relate first, to the age of the world, andst 
when death was introduced upon the globe. 

Descr. Geologists suppose that the changes which have taken 
place on the globe, must have occupied immense periods of time ; 
and that several successive systems of animals and plants inhabited 
the world previous to the creatioa of the existing races : whereas 
the Mosaic account, according to the common interpretation, repre- 
nents the matter of the globe to have been produced out of nothing. 
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only a few literal days previous to the creation of man; and tbat 
all the animals and plants that ever lived on the globe, were then 
brought into existence. 



Sfm. I am Dot aware that this statemeut has ever been farnuLlI; adduced 
bj iinj geological writer in opposition to revelation. But geoliigiHts baving 
come to the eoncluBioD that the earth, in some forrn, must liuve existed more 
than 3,000 years, some Christiaa writers have inferred that this was opposed 
to the Mosaic aooouat, and have attempted a defenoe of revelation. And 
heace has resulted the prevaiting opinion, that geologists in geoerat have heeii 
hostile to the Bible ;~~an opinion wbioh may be refuted by an appeal to their 
writings, 

Prin. In order to obviate this objection to revelation, it is only 
necessary to show, that one or more modes esiat, of reconciling the 
apparent discrepancy, wbioh it wonld be more reasonable to adopt, 
tban to infer any real collision between the two records. Some 
of these modes of explanation will now be briefly described. 

1. Some theological {but no geological) writers maintain, that 
the fossiliferoua rocks were not the result of slow deposition and 
consolidation ; but were created at once, with all tbeir organic 
contents, just as we now find them. 

Refutation, This is admitted to be possible; because God's 
power is infinite. But our only ground for judging as to the cause 
of any natural changes, is analogy : — and this is entirely opposed 
to the idea that rocks were thus produced ; and every eiample 
that can be quoted of rocks in a course of formation, is in favor of 
tbeir slow formation by second causes. 

2. Some maintain that the fossiliferous rocks were deposited by 
the deluge of Noah. 

Refutation. 1. That deluge must have been for the most part 
violent and tumultuous in its aetion on the globe : for the ocean 
must have flowed over the land in strong currents; and when it 
retired, urged on as it was by a wind, similar currents must have 
prevailed. But a large proportion of the rocks were evidently de- 
posited in quiet waters. 2. If deposited by that deluge, the ma- 
terials and entombed organic remains of the rooks ought to be 
confusedly mingled together; whereas in both these respects they 
are actually arranged with great regularity into groups. 3 The 
period occupied by the Noachian deluge was vastly too short for 
the deposition of rocks seven miles in thickness, and with a great 
number of entire and distinct changes in their nature and organic 
contents, 4. The organic remains in the rooks do not correspond 
to the animals and plants now livin" on the globe. But this del- 
uge took place since the at n f the presentraces ; and, there- 
fore, by this bypoth tb y ght to be found in the rocks. 
Hence they were d p s t d b f that event. 

3. Some snppose that (he f iiferous strata have been de- 
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posited in the interval of 1 ,600 years between the creation of man 
and the deluge. 

Refutation. 1, The time since the deluge has been twice aa 
long as 1,600 years ; but the amount of alluvium deposited haa 
not been one-thousandth part aa great as the whole fossiliferous 
rocks. Hence 1,600 years is vastly too short a period for their 
deposition : since no reason can be given why the process of their 
formation was essentially more rapid before than after the delnge. 
2. By this hypothesis the sea and land must have changed places 
at the dl d bghfl rocks from the 

bottom f B g t gy d emely probable' 

that no h g f h rt ook pi oently. 3, On 

this hyp h g m m gh st of species of 

the exi g w h m g h be nnless we sup- 

pose th 1 w d dl n f mals and plants 

have tak pi h gl b m w pi d upon it, none 

of which m n d by M Th is he strongest evi- 

dence th h w II 1 ks, have result- 

ed from d y g h 1 h sisted in some 

previou f m b f g 'i P t^- But these 

change Id h k pi f h tion and multi- 

plicatlo f m b u k w y I rocks is to take 

away all fi wh h h Id h sub ted. 

4. Some regard the six days of the creation (called the deTni- 
urgic days) in the Mosaic account as not literal days of 24 hours, 
but periods of indefinite or unequal length, or as the representatives 
of indefinite periods. 

Jietn. Three varieties of opinion are embraced in this Uieory, as above 
stated. 1. Tlie moi-e oommoD Biippoaition is, that the term day is here to be 
understood GguratJsely, aa embraoinga long period of time; a mode of using 
tlie term that ia frequeat in all languages. 2. Some, an Bisbop Horsley aud 
Professor Jameson, suggest that the revolution of the earth on its axis was 
at BrsC " Inconceivably slow," and that it did not acquire ita present rate till 
the close of th« fourth day; so that the first four dajs may have been of vast 
duration. Philaeophlcal Magasine, vol. 47, p. 243; aho vol. iC, p. HI. 
Still more recently this theory has been ablj elucidated by Dr. Keith in his 
Deaionstratiim of th' Truth of Chrtttianity, p 147. Mnt Ameritan Edi- 
tion, 1889. 3. Others, as HensUi in GernaaDj, and Professor Bush in this 
country, suppose that each of the sue demiurgic days stands as the dosing 
day. or representative, of au indefinite nombei of diiys, which make up sin 
periods of unkaowu and perhaps unequal Icu;^; during wliieh geological 
processes might have been going on Aiaertcan Jiiblicai RepontoTw, vol 8. 
p. 286. Bush't Qufsftoni and Notts upon, the Book of Genegu, 2de£ 

Arguments in favor of this T}ieory. 

1. The word day is often used in Scripture to express a period 
ofindefinitelength, Ex.gr. Luke, 17: 24. — John, 8: 56. Job, 14: 6, 
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&c. 2, The sun, moon, and stars were not created till the 
fourth day ; so that the revolution of the earth on its axis in 24 
hours did not probably exist before that time ; and some other 
measure of time must have been adopted, which Moses tells us was 
tight and darkness ; and how often these succeeded one another is 
not revealed ; and therefore is unknown. 3. The seventh day, or 
the Sabbath, has not yet terminated; and will not, until God 
shall resume the work of creation ; that is, it will eonticue 
to the destruction of the world, and there is no reason why 
we ought not to regard the other demiurgic days as of at least 
equal length. 4. In order to reconcile the declarations of Scrip- 
ture with the discoveries of astronomy, it is necessary to depart as 
much from the literal meaning as this interpretatipn demands. 
5. This interpretation corresponds remarkably with the traditional 
cosmogonies of many heathen nations ; as the ancient Etruscans, 
and the Hindoos, who describe the demiurgic days as immense 
periods. 6. This theory is thooght by Professor Jameson and 
others to develop a striking coincidence between the epochs of 
creation as described by Moses and by geologists. BakewdPs 
Geology, p. 450. 

OS?. 1. There is no evidence that the word day is used figura- 
tively in the first chapter of Genesis, as it is in all other places iu 
Scripture, where it means an indefinite period, except perhaps 
Gen. 2:4. On the contrary, the Mosaic description of the crea- 
tion appears to be a very simple and perfectly literal history, 
adapted to the most uncultivated minds.. 2. In the fourth com- 
mandment (Exodus, 20 : 9, 10, ll)no one can doubt but the six 
days of labor and the Sabbath, spoken of in the 9th arid 10th 
verses, are literal days. By what principle of interpreting lan- 
guage, can the same word in the nest verse, where the creation is 
described, be understood to mean indefinite periods ? See a paral- 
lel passage, Exodus, 31: 17. 3. It seems from Genesis, 2; 6, 
compared with Gen. I: 11, 12, that it had not rained on the earth 
till the third day. If the days were only of 24 hours, this would 
be very probable, but altogether absurd, if they were long periods, 
4. Such a meaning is forced and unnatural; and therefore 'not to 
be adopted without a very urgent necessity. 5. By this theory, 
existing species of animals and plants ought to be found mixed 
with the extinct species in all the fossiliferous rocks : for Moses 
describes only one creation of the different races. Now the fact 
that they are not thus mixed, shows that they could not have been 
contemporaries. If, then, the Mosaic account includes the fossil 
species, it does not include the living species ; and if it embraces 
the latter, it cannot comprehend the former. It is hence inferred, 
(hat the Mosaic account embraces only existing races, and if this 
be admitted, there is no necessity of supposing the demiurgic days 
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to be longer than literal ones. 6, If this theory be admitted, in 
stead of exhibiting coincidence between the Mosaic and the geo- 
logical account of the epochs of creation, it produces between them 
manifest diaerepanoy. For Moses describes vegetables to have 
been created on the third day, but animals not until the fifth 
Hence one half of the fossDiferoua rocks, reckoning upwards, or 
those deposited during the first four days, ought to contain only 
vegetables. Whereas animals are found as deep in the rocks as 
vegetables. 7. The conclusion from all these statements is, that 
Moses does not describe the fossil, but only the existing races of 
animals and plants ; and if so, there is no necessity for an exten- 
sion of his demiurgic days into long periods, in order to reconcile 
his account with geology. 

Hem. For a Mier examination of the preceding theory, see Faber's Ti-eattK 
on Ike Patriarchal, Zevitical. and Christian JMimeniationa .- He Zhc's Lettsrt 
on. the Physical Kiitory of the Earth : Bakeaelfs Geology, 2d Ameriean Ed., 
by Prof. SilUman, p. 486 ; dnd the American Biblitral Sepotitory for Octt- 
ber, 1836. It ought perhaps to be remarked, that Faber, who had advocated 
tbis theory with great abihty. gave it up, Bucklamli Bridgewater IVeatiie, 
ToL 1, p. B97, 2d Ed. 1837. 

5. Some suppose that the Mosaic account is a pictorial repre- 
sentation of the sueee^ive productions of the different parts of 
creation, having truth for its foundation, yet not to be regarded as 
literally and exactly true. The terms employed, however, are to 
be understood in their literal sense. 

lllva, CaD<;eive of six separate pictures, showing the work in different 
stages of jta progress. " And aa the performanoa of the painter, (sayi Dr. 
Eoapp,) though it must hare natural truth for its foundation, must not be 
conaidered or judged of as a delineation of loatbematical or seientifie accuracy, 
BO neither must this pictorial representation of the creation be regarded as 
literally and enaotlj true." Knapp't Tlieology, toL 1, p. 364. 

Inf. Whether this interpretation of the Mosaic account be ad. 
missibie, is a question of mere philology, and cannot be discussed 
in this place ; but admitting its correctness, it affords a solution 
for the apparent discrepancy between geology and revelation; for 
when it is conceded that the earth may have existed a longer time 
than the usual interpretation of the Mosaic account allows, there 
is no reason why the time may not be indefinitely extended, which 
is all that geology requires. 

6. The theory of interpretation which is now the most exten. 
sively adopted among geologists, supposes that Moses merely states 
that G-od created the world in the beginning, without fixing the 
date of that beginning; and that passing in silence an unknown 
period of its history, during which the extinct animals and plants 
found in the rocks might have lived and died, be describes only 
the present creation which took place in six literal days, less than 
6,000 years ago. 
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Argument& in favor of this theory with o^'ections against it. 
i. It ia maintained by some able writers, suoli aa Dathe, Doedei 
fin, &c,, in Germauy, Milton in Engiand, and Prof. Bush in this 
country, that the language employed by Moses in the first chapter 
of Genesis, does not mean a creation of the world out of nothing; 
but only a reno-vation, or re-modelling of previously existing mate- 
rials. Tenteteuchus a Dathio, p. 8. Doederlinii Theohgia, p. 
485. Bush's Questions and Notes on Genesis. 8uch writers of 
course admit the esistence of the globe during an indefinite period 
before the six demiurgic days. The arguments for their opinions 
may be found in their works above referred to. See, also, Am&^ 
can Biblical Repository, Oct. 1835, p. 280, 2. The phrase, in t/ie 
beginning, ia certainly indefinite as to time, and therefore Mosea 
in Genesis does not fix the time of the original creation, even if 
we admit that he does describe that event; and therefore, it is 
doing ao riolence to his language, to admit this long intervening 
period between the creation of the universe and of man. If it be 
said, that in the fourth commandment Moses does declare the cre- 
ation of the world out of nothing to have been contemporaneous 
with the first demiurgic day, it may be replied, that when a writer 
describes, an ev^t mote than once, his briefer description is to be 
explained by his more extended account ; so that the fourth com- 
mandment is to be explained by the fuller description in Genesis, 
of the same event. 8. This view of the first chapter in Genesis 
has been adopted in its essence by many distinguished Christian 
writers, long before the existence of geology as a soieoce; aa, for 
example, by Augustine, Theodoret, &c., in ancient times; and by 
HosenmuUer senior. Bishop Patrick, fee, in modem times. 4. If 
such an interval be admitted, it is sufficient entirely to reconcile 
the scriptural and geological accounts ; because, during that period, 
all the fossiliferous rooks except the alluvial, might have been 
formed. 5. Astronomy shows us that probably other worlds are 
now undergoing slowly the process of preparation for habitable 
globes, in a manner analogous to that which is supposed to have 
taken place in the materials of the earth, anteri ir to the demiurgic 
days. And thus we obtain a glimpse of a general principle in 
the universe. 6, If it be objected that according to Moses, the 
Gun, moon, and stars were not created tiU the fourth day, it may 
be replied that a more just interpretation of his language shows 
his meaning to be, not that the heavenly bodies were created on 
the fourth day, but that they were then first appointed to serve 
their present offices; and that they might have been in existence 
through countless ages 

7. In hia able and most interesting work, On tlie Relation 
between the Holy Scriptures and some parts of Geological Science, 
Br. John Pye Smith, lately the head of a Theological Institution 
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at Homerton, near London, and who ia diBtinguished for hia 
knowledge of theology, biUical philologj-, and geology, has pro- 
posed such an additioQ to the interpretation of Genesis just ex- 
plained, as in fact to form a new method of reconciling geology 
and revelation. His principal positions are the following:—!. 
The first verse of Genesis describes the creation of the matter of 
the whole univerae, probably in the state of mete elements, at 
some indefinite epoch in past eternity. 2. The terra earth, as used 
in the subsequent verses of Genesis describing the work of six 
days, was " designed to express the part of our world which God 
was adapting for the dwelling of man and the animals connected 
with him." 3. The narrative of the six days' work is "a descrip- 
tion in expressions adapted to the ideas and capacities of rafuikind 
in the earliest ages, of a series of operations, by which the Being 
of omnipotent wisdom and goodness adjusted and finished not the 
earth generally, but as the particular subject under consideration 
here, a portion of its surface for most glorious purposes. This 
portion of the earth I conceive to have been a large part of Asia 
lying between the Caucasian ridge, the Caspian Sea, and Tartary, 
on the north, the Persian and Indian Seas on the soath, and the 
high mountain ridges which run at considerable ^stances, on the 
eastern and western flank." P. 285, London Ed. " 3. This re- 
gion was first by atmospheric and geological causes of previous 
operation under the will of the Almighty, brought into a condition 
of superficial ruin, or some kind of general disorder." Probably 
by volcanic agency it was submerged, covered with fogs afid clouds, 
and subsequently elevated, and the atmosphere by the fourth day 
rendered pellucid. 4, The sun, moon, and stars were not created 
on the fourth day ; but then " made, constituted, or appointed, to 
be luminaries." 5. The Noaohian deluge was limited to that part 
of the world occupied by the huijiau race, and. therefore we ought 
not to expect that any traces of it on the globe can now be distin- 
guished from those of previous and analogous deluges, 

Bern, It ia impoasiblB in this place to present even a aummary of the pow- 
erful reaaoning and accurata erudition by whioh Dr, Smitli euelaina tha 
above positions in his LeotureB. The evideooo in favor of several of them 
has already been eihibited ; and 1 shall merely state the two leading princi- 
ples by which he supports what is peculiar in his system. 

Proof. 1. In the description of the Divine Character and of 
natural phenomena, the sacred writers use language accommodated 
to the knowledge that existed among the people whom they ad- 
dressed, and conformed to their notions of the universe. Hence, 
when tiiey wished to speak of the universe to the Jews, they called 
it the heavens and the earth. But when they spoke of the earth 
only, we are not to suppose that they used the term in an astro- 
nomical sense, but to designate that limited part of it which was 
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inhabited. For this was all the idea which the mind of the Jew 
attached to it, since he knew nothing of the earth heyond those 
limits. Hence the sis days' work of creation may haye heen lim? 
ited to a small part of the earth's actual surface. 2. This view 
corresponds to the fact that there appear to Slave been numerous 
centres of creation; both of animals and plants, instead of one spot 
from which all proceeded. 3. Also with the fact that a consider- 
able number of species of animals and plants, which were created 
much earlier than man, as their remains in the tertiary strata 
show — still survive, and do not appear to have perished since their 
first creation. 4. Universal terms are often used (in Scripture) to 
signify only a very large amount in number or quantity; as, for 
instance, all the earth came to Egypt to buy from Joseph ; for the 
famine loas extreme in all the earth. Hence the terms (lesorip- 
tive of the deluge may not have literally embraced the whole earth, 
hut have included only the earth then inhabited. 

Bern, The ablest illustration and defence of the preceding the- 
ory of reooDciliation which I have, seen, is contained in a small 
work republished in 1853 by Phillips, Sampson & Co. of Boston, 
entitled, " Genesis and Geology" by Denis Crofton, Esq,, of I>ab- 
lin in Ireland 

8. Some contend that even if all the methods of reconciling the 
two records that have been described, should be regarded by any 
as unsatisfaotory, it would be premature, in the present state of 
geology and of sacred philology, to infer any real discrepancy be- 
tween them, and especially t« infer that the sacred historian is in 

Proof. 1. Because the rapid progress of geological discovery, 
aad the not unfrequent changes of opinion among geologists on 
important points, show us that possibly more light may yet come 
from that quarter. 2. Because the exegesis of the first chapter 
of Genesis cannot by any means be regarded as settled; in proof 
of which it is only necessary to refer to the great diversity of opin- 
ion, on many parts of this chapter, yet to be found among very 
able commentators. Hence we may hope for new light from this 
quarter. 3. Other apparent discrepancies between aoienoe and 
revelation, even more strikiDg than that above examined between 
geology and revelation, have disappeared when the subjects were 
better understood. For instance, the doctrine introduced by the 
astronomers 200 years ago, that the earth revolves on its axis, and 
that the heavenly bodies do not actually rise and set, seemed to 
the most acute and learned theologians of those times, to be in 
point blank opposition to the Bible, which declares that the sun 
ariseth and goeth down, and that God laid the foundation of the 
earth that it should not be removed forever. They ahofat the 
earth to be at rest, and saw the heavens in motion; so that this 
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new doctrine of the Copernicau system was opposed, not only to 
tbe Bible, but to the aeaaes. Yet who now suspeeta any collision 
between astronomy and revelation ? How premature, then, to infer 
from a leas striking apparent discrepancy between geology and the 
Bible, that any real opposition esists I 

Second Sty^)osed Discrepancy. 

Descr. The general interpretation of tbe Bible has been, that 
until the fall of man, death did not exist in the world even among 
the inferior animals. For the Bible asserts that by man came 
death, {1 Cor. 15 : 21,) and by one rnan sin entered into the it/orld 
and death by sin. tRom. 5 : 12.) But Geology teaches us that 
myriads of animals lived and died before the creation of man. 

Solution of the difficidty. Admitting that geology does show 
that violent and painfiil death was in the world before the fall of 
man, the following suggestions furnish a plausible reconciliation 
of the supposed difficulty. 

I, Not only geology, but zoology and comparative anatomy, 
teach us that death among the inferior animals did not result from 
the fall of man, but from the original oonstitutioa given them by 
their Creator. One largo class of animals, the carnivorous, have 
organs espresaly intended for destroying other classes for food. 
Nor will it avoid the difficulty to suppose, as some have done, 
(although obviously in the faoe of the plain meaning of the first 
chapter of Genesis,) that carnivorous animals were not created till 
the time of the deluge. For other animals must have lived on 
vegetables, and in doing this, they must have destroyed a multi- 
tude of minute insects, of which several species inhabit almost 
every species of plant. Much more difficult would it have been, 
to avoid destroying millions of animalcula, which abound in many 
of the fluids which animals drink, and even in the air which they 
brekthe. Still farther, throughout the whole range of organic na- 
ture, vegetable as well as animal, decay and dissolution are inevi- 
table after a longer or a shorter period. In this respect, the 
human system is constituted just like all other organic natures. So 
that death appears to be a universal law of organic being, as it ex- 
ists on earth. Moreover, without miraculous interference for pro- 
tection, or an entire change of the present laws of nature, animals 
must have been exposed to occasional violent disorganization ; as, 
for instance, from the falling of heavy bodies upon them ; or from 
the shock of projectiles ; even though there were no tendency in 
their natures to dissolution. In short, death could not be ex- 
cluded from the world, without an entire change in the constitution 
and course of nature ; and such a change we have no reason to 
suppose, from the Mosaic account, took place when man fell 
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2. Bat God could reraoye any race of animals, say man, out of tlie 
world, and introduce them into another state, without violence, 
disease, or sufieriog; and make the change, in feet, like many 
changes in life, a pleasant one ; free from thoae concomitants whica 
now indeed constitute death. He has already removed a few from 
the world in this manner, as Enoch and Elijah; and the Bihle 
informs ns that those who remain alive at the second coming of 
Christ, will in a similar manner be translated and not die. (i Cor, 
15 ; 51, 52.) This probably would have been the happy lot of all 
mankind, if they had not sinned. That they could not have con- 
tinued on earth indefinitely, is certain : pr<jyided the present laws 
of their multiplication were not suspended : because the world ere 
long would have heen dlled. 3. The threatening of death to Adam 
for disobedience, seems to imply a knowledge on hia part, of what 
death was, that is, he bad seen it among the inferior animals; for 
it would be a strange legislation, that imposed a penalty of which 
those under the law could form no idea. 4. The two moat striking 
passages of scripture, respecting the introduction of death into the 
world, have been already quoted. In regard tothat from Romans, 
5 : 12, 4y one man sin- entered into the worlds and death by sin, 
the eoncluaion ^ the sentence, — and no death passed upon aUmen, 
for that all have /inned, — shows that its meaning must be limited 
to the human race. For it says not that death passed upon all 
animals, but upon all men, and because all had sinned, an act of 
which the inferior animals, destitute of moral natures, are not oa- 

Sable. In like manner, the passage from L Cor, 15 : 21, For since 
y man came death, is limited to the human race by the concluding 
part of the verse : by man came also the resurrection of the dead. 
For the object here is to draw a contrast between Adam and 
Christ, as to their influence upon the human family. If the infe- 
rior animals are included, then they must not only share in the 
resurrection, but be interested in the redemption by Christ. 5. 
Able writers on the Bihle have adopted these views in regard to 
the nature and extent of death, long before geology was known as 
a science. To quote only Jeremy Taylor, " That death," says he, 
" which Ck)d threatened to Adam, and which passed upon his pos- 
terity, is not the going out of this world, hut the manner of going. 
If he had stayed in innocence, he should have gone hence placidly 
and fairly, without vesatious and afflictive circumstances, he should 
not have died by sickness, misfortune, defect, or miwilUngness, but 
when he fell he began to die," &o. Holy Dying, p. 295. Am- 
herst Ed 1831. 

Second Ansrcer to the O^ection, The view that seems moat sat- 
isfactorily to explain this aubject, supposes that God, in view of 
the certainty of man's transgressions, adapted the world before- 
hand to a fallen creature, who must die. It could not be adapted 
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both to mortal and immortal natures, and since sin and death are 
probably ioseparable, it must be fitted to the character of the for- 
mer. And as to the inferior animals, existence would be a bless- 
ing even though death awaited them ; as we have endeavored else- 
where to show. Death, then, was introduced into the world as a 
prospective result of man's apostasy ; and the present theory has 
this advantage, that it falls in with the common opinion, derived 
from the Bible, that all the misery, disorder, and suffering, of the 
present world, are the fruit of human transgressions ; or, in the 
language of Scripture, the whole creation groaneth and travailetk 
together in pain until now. 

General Inferences. The preceding statements show ■as, first, 
that the coinoidenees between geology and revelation, upon points 
where we might reasonably espect collision, if both the records 
were not essentially true, are much more numerous than the ap- 
parent discrepancies, and therefore the presumption is, that no 
real disagreement exists. Secondly, it appears that there are 
several modes of reconciling the few apparent discrepancies, which, 
on general principles, it would be far more reasonable to adopt, 
than to infer any real discrepancy between the two records. 
Thirdly, it appears that geology ought to be regarded as a new 
means of illustrating, instead of opposing, revdation ; since it 
leads us to understand certain passages, which had before been 
misinterpreted ; just as astronomy did in respect to the heavenly 
bodies. Finally, it appears that the illustrations of natural re- 
ligion Irom geology, are more numerous and important than from 
any other, and perhaps all other sciences. 



THE HISTORY 07 GEOLOGY. 

Prin. Geology is eminently an inductive science. Now, it is 
only within the last half century, that sufficient facts had been 
collected to make any important correct inferences respecting the 
causes of geological change. Hence, all the speculations of phi- 
losophers previous to that time, on this subject, must have been 
mere hypothesis ; sometimes indeed displaying great ingenuity, 
and approximating closely to the truth, but more commonly so 
extravagant as to be the butt of ridicule- 

Prin. Geology is likewise dependent upon an advanced and ac- 
curate knowledge of chemistry, botany, and zoology ; such a 
knowledge as has been attained only within the last half century. 
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On this account also, all previous epeculatioDS on geologj must 
have been crude and fanciful. 

Inf. 1, Hence the earlier hypotheses on cosmogony, which have 
been so long the subject of ridicule, ought not to he connected 
with the science of geology, as they have long heen, to its reproiich. 

Inf. -2. Hence the history of the early hypotheses, usually called 
Theories of the Earth, is of little importance in its hearing upon 
the science of geology; though highly amusing and instructive, as 
illustrating the struggles of the human mind after the truth. A 
brief sketch only will, therefore, be here given of these hypotheses. 

Descr. One of the most prevalent opinions among ancient phi- 
losophers, and which constituted a fundamental principle in their 
cosmogonies, supposes the world to have been subject to successive 
destructions and renovations by fire and water. The Grecian 
philosophers, who derived their notions from the Egyptian, de- 
nominated those catastrophes the Cataclysm., or deluge ; and the 
Ecpyrosis, or destruction by fire. The interval between these 
changes was Ta,rioualy estimated from 120,000 to 360,000 years. 

Descr. Pythagoras entertained very accurate notions respecting 
the operation of existing causes of geological change on the globe ; 
such as the changes of sea into dry land, and the reverse, the for- 
mation of deltas and other alluvial deposits ; and the formation 
of islands by the action of oceanic currents. Id fact, this phi- 
losopher approsimated as nearly to the modern views of geologists 
on these subjects, as he did to those of modem astronomers re- 
specting the heavenly bodies. 

Descr. We find Strabo, the geographer, explaining the manner 
in which fossil marine shells were brought into their situation 
upon the dry land, in a manner that would do no discredit to a 
modern geologist. He supposes them deposited originally at the 
bottom of the ocean, whose bed was subsequently elevated by 
earthquakes and volcanic agency. 

Descr. In modern times, after the dark ages, science began first 
to be revived among the Arabians. Even as early as the tenth 
century, some of their writers, as Avicenna and Omar, produced 
some works on mineralogy and geology, which were not without 
considerable merit. 

Descr. Among Christian nations, geological facts first began to 
excite attention in Italy, in the early part of the sixteenth cen- 
tury. Two questions were stated respecting organic remains; 
first, whether they ever belonged to living animals and plants : 
secondly, if the affirmative of this question be admitted, whether 
the petrifaction and situation of these remains could be explained 
by the deluge of Noah, 

Descr. These questions occupied the learned world for nearly 
iOO years. At the commencement of the controversy in Italy, in 
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1517, Fracastoro maintained, in the true spirit of the geology of 
the present day, that fossil shells all once belonged to living Mii- 
mala, and that the Noachian deluge was too transient au event to 
explain the phenomena of their fossilizatioo. But Mattioli re- 
garded them as the result of the operation of a certain materia 
pinguis, or " fatty matter," fermented by heat. Fallopio, Pro- 
fessor of Anatomy, supposes that they acquire their forms in some 
cases, by " the tumultuous movements of terrestrial exhalations ;" 
and that the tusks of elephants were mere earthy concretions. 
Mercati conceived that their peculiar configuration was derived 
from the influence of the heavenly bodies; while Olivi regarded 
them as mere " sports of nature." Felix Plater, Professor of Anat- 
omy at Basil, in 1517, referred the bones of an elephant, found 
at Lucerne, to a giant at least 19 feet high; aud in England 
similar bones were regarded as those of the faileu angels ! 

Descr. At the beginning of the 18th century, numerons theolo- 
gians in England, France, Germany, and Italy, engaged eagerly in 
the controversy respecting organic remains. The point which 
they discussed with tne greatest zeal, was the connection of fossils 
with the deluge of Noah. That these were all deposited by that 
event, was for more than a century the prevailing doctrine, which 
was maintained with great assurance ; and a denial of it regarded 
as neaily equivalent to a denial of the whole Bible. 

Descr. Tbe question also, whether fossils ever had an animated 
existence, was discussed in England till near the close of the t7th 
century. In 1677, Dr. Plot attributed their origin to " a plastic 
virtue latent in the earth." Scheuchzer in Italy however, in ridi- 
cule of this opinion, published a work entitled, Quendce Piscium ; 
or the Complaints of the Pishes ; in which those animals are 
made to remonstrate with great earnestness that they are denied 
an animated existence. 

Descr, Such discussions, however, tended to lead men to the 
collection of facts; and in 1678, we find Lester publishing an ac- 
curate account of British shells, to which were added the fossil 
species, under the name, however, of turbinated and bivalve stones. 
He also first proposed the construction of regular geological maps. 

Descr. la 1680 the distinguished mathematician Leibnitz pub- 
lished his " ProtogEea ;" in which he developed a theory of the 
formation of the earth, and of subsequent changes in its crust, 
almost exactly like that which is now so widely adopted among 
geologists under the name of the igneous theory. 

Descr. In the posthumous works of Robert Hooke, an English 
physician, published in 1668, are many views much in advance of 
his time, rcF^oting geological changes and phenomena; especially 
respecting earthquakes and organic remains ; which he maintains 
oould not have been produced by the Noaohian deluge. 
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Desa: The famous naturalist, Ray, who published in 1692, had 
eimilar viewa with Hooke ; bat he made improvements upon his 
predeceaaor ; especially in describing the effects of aqueous agen- 
cies in modifying the earth's surface. 

BescT. In most of the theories of the earth, however, that ap- 
peared in England in the latter part of the 17th aod the first part 
of the I8th century, a strong determination is manifested to con- 
nect geology with theology. This gave rise to what has been 
called the Physico- Theological School of writers. In 1690, Thomas 
Bumet published a visionary work, entitled " The Sacred Theory of 
the Earth ; containing an account of the Original of the Earth, 
and all the general changes which it hath already undergone, or is 
to undergo, till the consummation of all things." This being 
written in an elegant style, attracted no little attention. About 
the same time. Woodward, a Professor in Medieiae, published a 
theory of the earth, in which he maintained that " the whole ter- 
restrial globe was taken to pieces and dissolved at the flood, and 
that the strata settled down from this promiscuous mass, as an 
earthy sediment, from a fluid." In 1724, his disciple, Hutchinson, 
came out with the first part of his " Moses's Principia;" in which 
he attacked the theory of his master, as well as Newton's tiieory 
of gravitation; and he and his numerous followers maintained, 
that the Scriptures, when rightly understood, contain a perfect 
system of natural philosophy. This was the dogma which chiefly 
distinguished the Hutchinson ian, or Phpsioo -Theological school ; 
and its pernicious influence on. the cause of religion and learning 
has scarcely yet ceased. 

Sescr. The Italian geologists, who were contemporaries of these 
English cosmogonista, were far more rational in tbeir views. 
They devoted themselves with considerable success to an examina-. 
tion of geological phenomena, and rejected the visionary notions 
of the English. The writings of Vallisneri, Moro, Geaereili, 
Bonati, Targiona, &c., discover a good deal of industry in observa- 
tion and acuteness in reasoning. 

Descr. In 1749, Buffon the French naturalist, produced an ele- 
gantly-written hypothesis upon the formation of the earth, based 
chiefly upon the views of Leibait? already explained. Some of his 
views gave offence to the Faculty of Theology at Paris ; and he 
was compelled, like G-alileo, to retract opinions, which at this day 
are maintained by geologists, with no suspicion that they contra- 
dict the Scriptures. 

Descr. Aboot the middle of the 18th century, some valuable 
works were produced by Lehman, a German mineralogist, by the 
botanist Gesner of Zurich, and by Mitchell an Englishman, on 
earthqudtea. About the same time, appeared the work of Catoott 
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on the Deluge ; and although of tlie physieo -theological school, he 
gave some valuable facts relating to diluvial currents. 

Descr. Numerous other writers on geology, towards the oloso 
of the 18th century, might he named. But Pallas and Saussure 
were the most distinguished. The former examined the moun- 
taifts of Siberia, and pointed out the order in which the rooks 
there occur. The latter spent most of his time in studying the 
nature of the Alps, and provided Taluable materials for his sue- 
oessors. 

Descr. In Germany, France, and Hungary, schools have long 
existed for giving iiistmction in the art of mining. In 1775, 
Werner was appointed professor in one of these institutions, at 
Freyhurg, in Saxony ; and in his lectures he attempted certain 
generalizations in regard to the position and origin of rocks, that 
were very extensively adopted, and for a long time excited much 
controversy. He supposes that all rocks, the unstratified as well 
as the stratified, were deposited by water ; and that originally 
every formation was universal on the globe ; and that veins were 
filled by matter introduced from above, in aqueous solution. Oa 
accoant of his referring aJI deposits to the agency of water, his 
views were denominated the Neptunian Theory. 

Descr. Nearly at the same time, a Scotch geologist by the name 
of iHutton, published a Theory of the Earth, opposed in most re- 
spects to the doctrines of Werner. He supposes that the rocks 
which form our present continents were derived from the ruins of 
former continents ; which were abraded and carried into the sea 
by the agency of running water ; just as the same agency is now 
spreading over the bottom of the ocean, deposits of mud, sand, and 
gravel. Afterwards the unstratified rocks, in a melted state, were 
protruded through these deposits, by which they were consolidated, 
rendered more or less crystalline, and elevated into their present 
condition. Many of the fissures also, were filled with metallic and 
other matter, injected from beneath. When our present conti- 
nents are nearly all worn down, Hutton supposes this process of 
consolidation and elevation may be repeated. Indeed, in these 
changes he sees " no traces of a beginning, no prospect of an end." 
Professor Playfair, however, in his illustration of this theory, en- 
deavors to show that Hutton did not mean by such language .that 
the world is eternal ; but only that geology, like astronomy, ' 
not disclose to us the time when this series of changes 
meneed. 

Descr. These rival hypotheses eseited a great deal of di 
sion, both on the European continent and in England, for a greal 
number of years. The final result is, that the tneory of Werner 
has been almost universally abandoned ; especially so far as the 
unstratified rooks are concerned : while that of Hntton, denommat^ 
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ed also the Plutonian theory, has, in its essential principles, been 
adopted by most geologists of the present day. 

Descr. During these discussions between the Neptunists and 
Plutonists, a humble individual in Eugldod, Mr. William Smith, 
was acooiaplishing more for geology than all its learned professors. 
He explored the whole of England on foot ; and in 1 7>J0, published 
a " Tabular View of the British Strata," in which he classified the 
secondary rocks; and although not acc[uainted with Werner's ar- 
rangement, he proposed essentially the same order of superposition 
among the rocks aa that geologist He also ascertained that strata, 
somewhat remote from one another, could be identified by their 
organic remains. By estraordinary perseverance, he was able, in 
1815, to publish a geological map of the whole of England. 

Descr. One important effect of excessire theorizing, was to pro- 
duce an almost universal scepticism in unprejudiced philosophical 
minds in respect to all geological hypotheses ; and to make them 
feel the importance of amassing facts. Out of these feelings grew 
the London Geological Society, which was founded in 1807; and 
which has contributed more than any other public institution to 
advance the science. This Society selected a sentence for their 
motto, from the Novum Organum of Lord Bacon, which invites 
" those to join them as the true sons of science, who have a desire, 
and a determination, not so much to adhere to things already dis- 
covered, and to use them, as to push forward to farther discov- 
eries ; and to conquer nature, not by disputing an adversary, but 
by labor; and who, finally, do not indulge in beaatiful and proba^ 
ble speculation, but endeavor to attain certainty in their knowl- 

Descr. The example thus set in England has been followed in 
nearly every part of the civilized world ; and geolo^cal societies, 
both local and national, have been formed in so great numbers, 
that even their names cannot here be given. The London G-e- 
ological Society has already produced thirteen quarto volumes 
of transactions. Many of the ablest philosophers of the age have 
devoted themeelves to geological researches; and have applied the 
principles of induction with great saceess; so that probably no 
other science has made so rapid advances within the last half cen- 
tury, aa geology. Very numerous geological collections have been 
formed in almost every part of the civilized world; accurate geo- 
logical maps have been constructed of nearly all Europe and the 
United States ; and in 1843 the Geological Society of France pub- 
lished a general geological map of the whole globe; showing the 
leading formations over nearly the whole of its surface. Thia 
map, however, is in part theoretical 

Descr. The rapid progress of the collateral branches of science, 
and their sucoessftil application to palaeontology, are to be regarded 
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as amoGg the moat important means by which geology haa been 
thus rapidly advanced. The most important application of this 
sort was that of comparative anatomy, to determine the charac- 
ter of organic remains, by the Baron Ouvier, in his great work en- 
titled Ossemem I'bssiks, ^., in seren quarto volumes, first pub- 
lished in 1812. Nnmeroua suooeaaful applications have also been 
made of the discoveries in the varioua departments of zoology and 
botany, to the same object ; the result of which has been, the great 
works of Goldfuss, Sowerby, Bronn, &o., on petrified molluscs, zo- 
ophytes, &c. ; that of Agassiz on fossil fishes ; those of Adolphe 
Brongniart and of Lindley and Hutton, on fossil plants, and those 
of Owen on British fossil reptiles and mammalia, oa the Dinornis, 
and other papers too numerous to mention. The splendid work 
of Cuvier and Alexander Brongniart, " on the mineral geography 
and organic remains of the neighborhood of Paris," publiflied in 
1811, constituted an era in geology; because it directed the atten- 
tion of geologists te the tertiary strata, from which they have since 
gathered so rich a harvest. 

JDescr. The present state of facts and theories in geology ma^ be 
learnt from the preceding pages. Very many of the principles 
which are now regarded as belonging to the science, may be con- 
sidered as settled, as much as thej are in moat physical sciences; 
though some of them may doubtless experience alight modifications. 
A few poiats of importance yet remain in a great measure unset' 
tied. Perhaps on no one is there more diversity of opinion than 
concerning diluvial action. Indeed, the whole history of opinions 
on this subject is very instructive. When the subject was first 
discussed, as much as 300 years ago, it was assumed aa a moat un- 
questionable laot, that whatever marks of a deluge any part of the 
earth's surface exhibited, or even of the former presence of the 
ocean on the land, all must be referred to the deluge of Noah. 
Nay, it was soon maintained that the whole solid frame-work of 
the globe was dissolved and re-deposited by the diluvial waters. 
One after another have these estravaganoiea of hypothesis been 
given up, and nearly all geologists have come to the eonoluaion, 
though without denying the occurrence of the Noachian deluge, 
that no certain marka of that event are now to be discovered on 
the globe. Nay, the question now is, whether there is any evi- 
dence of the occurrence of a general flood at any epoch. Not a 
few believe that no such evidence exists ; while those who admit 
of a general deluge, for the most part, regard it as having taken 
place anterior to man's existence on the globe. It is now gener- 
ally admitted also, that ice, in the form of glaciers and icebergs, 
has been a most important agent in producing the phenomena of 
drift. After centuries of discussion, it is also beginning to be 
TSun'dout, 'that the fiicts are yet very imperfectly known ; and to 
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tm examintLtion of Uiese, geologists are nov devoting great atten- 

JDescr. In American mineralogy and geology, almost literally 
nothing had. been done at the commeticement of the nineteenth 
century. A few individuals, indeed, among whom may be men- 
tioned Dr. Seybert of Philadelphia, Dr. S. L, Mitchell of New 
York, and Dr. B. Waterhouae of Harvard Uoiversity, had com- 
menced rather earlier than thia, to make oolleotiona, and to call the 
public mind to these subjects. But the return of Mr. B. D. Per- 
kins and of Dr. A. Bruce from Europe, in 1802 and 1803, with 
beautiful collections, and of Col. Gibba, in 1805, with his splendid 
cabinet, began to awaken more interest; so that ere long oouraea 
of leotnrea upon them were introduced into Beveral of our colleges. 
Ill 1807 William Maclnre returned from Europe, and commenced, 
single-handed, the Herculean task of exploring the geology of the 
United States; and after several years of labor, during which he 
crossed the Alleghany range of mountains at different placea not 
less than fifty times, he actually produced a geological map of this 
whole country; which, though it givea only the Wernerian classes 
of rocks, fofffliS a most valuable outline, and is a monument of 
great industry and perseverance. In 1810 Dr. Brace CMnmenced 
his Mineralogioal Journal, the first scientific journal ever ander- 
taken in this country. But though ably commenced, it reached 
only the fourth number, in consequence of the sicknesB and death 
of its editor. In 1818 Professor Silliman, who had long been 
among the most distinguished and successful pioneers and teachers 
of these sciences, commenced the American Journal of Science ; a 
work which has been continued, often at great personal and pecu- 
niary sacrifices on the part of its editor, till it has now completed 
its 66th volume; .and which has been a most efficient means of 
promoting, not only mineralogy and geology, but all the physical 
sciences in the United States, In this connection, the valuable 
Elementary Treatise on Mineralogy and Q-eology by .Professor 
Cleveland, another of the, early and distinguished oultivators of 
those sciences in this country, ought to be mentioned. It was 
published in 1816; and for along time continued to be almost the 
only American work on these subjects of any importance. Since 
it was out of print, the able works of Professors Shepard and 
Dana, and Mr. Alger, on Mineralogy, have taken its place. 

Descr. In 1818, the American Q-eologioai Society was organized. 
But it has never accomplished much for the science ; not having 
published any separate volume of transactions. The Academy of 
Natural Sciences at PhUadelphia, the Lyceum of Natural History 
at New York, and the American Academy of Arts and Sciences at 
Boston, have from time to time given valuable papers in their 
transactions on mineralo^ and geology ; while several societies of 
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more recent organization, but liiiilted to particular districts of 
country, have been still more devoted to tbese subjects. The want 
of a general organization for the whole country, had long been felt 
to be a most powerful obstacle to the progress of geology ; and in 
April, 1 840, those gentlemen who are engaged in the State surveja, 
met in Philadelphia, and formed themselves into the Association 
of American Geologists. Their second annual meeting was held 
in the same city on the first Monday of April, 1841 ; its third meet- 
ing in Boston, in 1842, when it took the more comprehensive name 
of the American Association of Geologists and Naturalists ; its 
fourth in Albany, in 1843; its fifth in Washington, in 1844; its 
sixth in New Haven, in 1845; its seventh in New York, in 1846; 
and its eighth in Boston, !847. In 1848 it met in Philadelphia, 
and was again enlarged so as to embrace all the sciences, and took 
the name of the American Association for the Advancement of 
Science. In 1849 it met at Cambridge, Massaohuaetta ; in 1850, 
both at New Haven, Ot., and. Charleston, S. Ct. ; in 1851, at Cin- 
cinnati and Albany ; in 1 852, there was no meeting, on account of 
the prevalence of cholera; in 1853 it met at Olevdand, Ohio. In 
1843 it published its first volume of Transactions, since which 
time it has brought out simply a volume of Proceedings annually, 
giving, like those of the British Association, an abstract of the pa- 
pers presented. The presiding officers at the several meetings have 
been as follows:— 1840, Edward Hitchcock; 1841, Beniamin 8il- 
liman; 1843, Samuel G. Morton; 1843, Henry D. Rogers; 1844, 
John Locke; 1845, William B. Rogers; 1846, Charles T, Jack- 
son; 1847, Amos Binney (W. B. Rogers presided, as Dr. Binney 
died before the meeting); 1848, William 0. Bedfieid; 1849, Jo- 
seph Henry; 1850, A. D. Bache; 18SI, Louis Agassiz and A, D. 
Bache; 1853, Benjamin Pierce. 

Descr. An important feature in the history of American geol- 
ogy, ia the numerous geolo^cal surveys that have been executed, 
or are still in progress, under the patronage and direction of the 
State authorities, as well as the United States Government. The 
leading object of these surveys is to develop those mineral re- 
sources of the country that are of economical value. But with a 
commendable liberality, the Legislatures have encouraged accurate 
researches into the scientific geology, and sometimes also into the 
botany and zoology of the several States So numerous have these 
surveys become, that I may not be able to give in all cases their 
entire history up to the present time ; but since they constitute an 
important era in our geology, I shall give all the useful facts 
within my reach. 

Descr. The first survey authorized by the government of a State, 
was that of North Carolina; which was committed to Professor 
Olmsted, who made a vnluaUe report, in two parts, the first in 



^db, Google 



GEOLOGICAL EURVEYS. 365 

1824, and the aeeond in 1825 ; in whicli the economical geology of 
a considerable part of the State was given in a pamphlet of 141 
pages. In 1842 Professor E. Mitchell published a work on Ge- 
ology, embracing aa aeoouiit of that of North Carolina, with a ge- 
ological map of the State. More recently Professor Emmons was 
appointed to survey North Carolina, and is now (1863) prosecuting 
the work. It would not be strange if this should be found the 
richest State in the Unioa in mineral treasures, especially in gold 
and copper, 

Desar. The year following, South Carolina gave a similar com- 
mbsion to Professor Vanuxem, whose report was published only 
in the newspapers. Much later M. Tuomey was appointed to sur- 
vey South Carolina, and in 1848 he published a Report in t[uarto 
of 350 pages, with sections and a geological map. 

Descr. The survey of Massachusetts was proposed by Gov. Lin- 
coln in 1830, and commenced the same year by tie author of this 
work. The first Report on the Economical Geology of the State 
■was made in 1822, in a pamphlet of 70 pages. In 1833 a full re- 
port on the whole subject was made, in a volume of 702 pages, 
with an atlaa of plates and a geological map ; of which a second 
edition was directed to he printed in 1834. In 1837, on recom- 
mendation of Grovemor Everett, a further examination of some 
parts of the geology of the State was ordered; and in 1838 a re- 
port of this re-examination, embracing only the economical geol- 
ogy, was made in a pamphlet of 139 pages. Tbe final report was 
published in two quarto volumes of 300 and 544 pages, with 56 
plates and 282 wood cuts, in 1841. The report of 1833 embraced 
also the zoology and botany of the State; and when the re-exam- 
ination was ordered, these departments were committed to Profes- 
sors Dewey and Emmons, Rev. W. O. B, Peabody, Drs. Harris, 
Gould, and Storer, and George B. Emerson, Bsc[., all of whom 
have made extended reports. 

Descr. Tennessee was only two ot three years later than Massa- 
chusetts in commencing a geolo^cal survey under the superintend- 
ence of Professor Troost. In 1845 he had made eight annual 
reports, the three la t f wh h were pamphlets of 32, 37, and 75 
pages; with a ge 1 g al map f the whole State in that of 1839. 

I>e«w. In 1834P f D atel was directed to make a Recon- 
noiBsance of the Stat f M land ; and his report the nest year 
was a pamphlet of 38 pag This survey embraces the topogra- 
phy ; of which P f Al x nder has charge. Seven annual re- 
ports in addition t th nn ssance hare been made by Prof 
Dueatel, about 50 pages each, with maps and sections. 

Descr. G. W. Featherstonhaugh, in 1834, received a commission 
firom the government of the United States, to examine geologically 
" the territory of Arkansas and the adjacent public lands," His 
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first report of 97 pages, with, an extensive geological section, om- 
brai^iDg 1,600 miles, appeared in 1835, and tiis second of 161 
pages, with four sections, in 1836, 

Jkser. The survey of New Jersey was ordered in 1835, and a 
report made by Professor Henry D, Rogers in 1836, in a pamph- 
let of 188 pages, with extensive sections; the survey haying been 
ordered the preceding year. His final report of 361 pages was 
psblished in 1840, accompanied by a geological map of the State. 

Descr. The survey of New York was commenced in 1836. It 
embraced zoology and botany as well as geology ; and was pnt into 
the bands of four principal geologists, viz. Profs, Mather, Vau«s- 
em, and Emmons, with Mr, Conrad, who were to employ each an 
assistant; one botanist, via. Prof. Torrey; one apologist, fix. Dr. 
J. E. De Kay ; and one chemist, via. Professor L, C. Beck, Sub- 
sequently Mr. Conrad was appointed palieontologist to the survey ; 
and Prof. J, Hall took his place as geologist. These gentlemen 
made their first report in 1837,in a pamphlet of 212 pages; their 
second report in 1838, of 384 pages; their third report in 1839, 
ofSSl pages; their fourth report in 1810, of 484 pages; and their 
fifth report in 1841, of 184 pages. The survey is now completed, 
and at least 16 quarto volumes of the final report, abundantly and 
splendidly illustrated, have been published, viz, one volume each 
by Mather, Vanuxem, Emmons, and Hall, upon the geology; one 
volume by lieck, upon the mineralogy ; two by Hall, upon tho 
paliBOntology; two by Torrey, upon the botany; four by De Kay 
upon the zoology ; and three by Emmons, upon the agrionltute, 
A geological map is also published, and several more volumes are 
expected upon the paleontology. 

Descr. The first report, which was a reconnoissanoe of the geol- 
ogy of Virginia, was made by Prof. Wm. B. Rogers in 1 835, of 
36 qnarto pages; his second report, in 1836, of 30 pages; his 
tMrdinl837, of 54pages; his fourth in 1838, of 32 quarto pages; 
and his fifth in 1839, of 161 pages; and the sixth of 132 pages. 
Prof. Rogers is aided in this work by five assistants, two of whom 
ate ocoupied in the chemical laboratory. 

Descr. A survey was directed of tlie State of Maine in 1836, 
under the care of Dr. Charles T. Jaokson. He made his first re- 
port in 1837, of 128 pages ; his second in I'SSS, of 168 pages ; and 
his third in 1839, of 340 pages. The work is now suspended, at 
least for a season; though it is hoped that it will not be fanally 
abandoned. Dr. Jackson had also a comm "sion from Massachu- 
setts and Maine, to examine the unsettled lands owned by them 
jointly, and he has made two reports on this subject m 1837 and 
1838. 

Descr, The survey of Connecticut was commenced m 1835, and 
committed to Dr. J. Q. Peroival for the geolog}, and to Prof 0, 
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TT. Shepard for the mineralogy. The latter gentlemaa made a re- 
port, in 1837,of 188 pages. Dr. Percival reported in 1842, in an 
octavo volume of 495 pages, with a geological map, 

Descr. The survey of Pennsylvania was begun in 1836, by Prof. 
Henry D, Kogers ; who the same jf ar made a report of 22 pages : 
and in 1 837, another of 93 pages ; also one in 1 838, of 1 19 pages ; 
another in 1839, of 252 pages; and a fifth in 1840, of 179 pages. 
!Prof Kogers has five assistants, one of whom is devoted to the lah- 
oratah', and four sub-assistants. The surveys of Pennsylvania 
and Y'rgiuia have been completed, but the final reports have not 
yet been published. 

Deicr. The first Geological Keport on the state of Ohio, was 
gifbioilt^d to ^he government in 1839 of 131 pages. This survey 
^as unc^r th^ direction of Prof W. W. Mather, as principal geolo- 

fist, aided by Dr. S. P. Hildreth, J. P. Kirtland, and Locke, and 
'rofeaspr ^riggs, J. W. Foster, Esij., and CoL J. W. Whittlesey. 
The latter genUeman has charge of the topographical department, 
(iJid prs. Kirtland and Locke of the zoology and botany. Their 
eecond re^p^t in 1838 contains 286 pages, with numerous draw- 
ing. This purvey is for the present suspended. 

Descr. In |)claware, the work was commenced in 1837, by 
James 0. tSooth, Esq., who has made two annual reports, in 1838 
and 183.^, in ^ painphiet of 26 pages, and his final report of 188 
nage^) wits published in 1842. 

Jkscr, In Michigan, the survey was committed to Douglass 
Hoi^ghtpn, Esq., with two sub-assistants in geology, one assistant 
in zoology, one botanist and zoologist, and one topographer and 
draughtsman. In 1 838, the first report appeared of 37 pages ; in 
1839^ the'eeoond report of 123 pages; in 1840, the third report 
pf 124 p^s, and in 1841, the fourth of 184 pages. 

Descr. ^be surrey of Indiana was commenced in 1837, by Dr. 
D. to. Owen; who in 1838, produced his first report of 34 pages; 
and in 1839, his second report of 54 pages. 

Descr. In 1839, the legislature of Ehode Island commissioned 
Dr. Charles T. Jackson to m^ke a geological and agricultural sur- 
vey of that State, and hi^ report of 322 pages with a geological 
map has been published. 

In 1840, the same gentleman was appointed to survey New 
Hampshire ; his first annual report of 164 pages was published in 
1841, and his final report in 1845, in a quarto volume of 376 
pages, with illustrations. 

Dr. Jackson has also surveyed the mineral regions of Lake Su- 
perior under the direction of the government of fiie United States, 
and his Report was published in 1851. 

In 1849, Messrs. J. W. Foster and J. D. Whitney commenced 
the exploration of the Lake Superior Land District, as directed by 
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tie General Government; and in 1850, they reported in anactavo 
volume of 224 pages, with plates, on the Copper Lands, and in 
1851, in a volume of 406 pages with plates on the Iron Region. 

Descr. In 1838, the legislature of Kentucky directed a G!eo- 
logical Eeconnoissance of the- State to be made, preparatory to a 
more accurate survey. This was executed hy Prof. W. W. 
Mather, who reported at the close of the year in a pamphlet of 
40 pages. But I believe the work has not yet been proa^outed 
farther; although the developments made in Prof. Mather's re- 
port, of the mineral resources of the State, are such that there can 
hardly be a doubt but the survey will be continued, by a people as 
intelligent as those of Kentucky. 

Defer. Professor W. M, Carpenter was engaged in 1842 by 
direction of the Legislature, in making an examination preliminary 
to a general geological survey of the State of Louisiana. But I 
know not what has been the result; nor do I know what has been 
the issue of the survey of Georgia by J. R, Cotting in 1836. 

In 1839, Dr. D, D. Owen was commissioned by the government 
of the United States, to examine the territory of Iowa ; or at 
least, its most promising mineral districts. The work was prose- 
cuted by Mr. Owen with as many as 120 assistants ; and a report 
of 161 pages was published in 1840. 

Descr. At a more reoent date Prof. Owen was directed to sur- 
vey Wisconsin, Iowa and Minnesota, In 1848 and 1849 he pub' 
lished reports, and in 1851 brought out his final report, a work 
beautifully executed in a quarto volume of 625 pages, with a voluine 
of plates and a geological map of a large territory. 

Descr. In 1845 Prof. Charles B. Adams was commissioned to 
make a survey of Vermont. Hia first report of 92 pages was 
made in 1846, hb second report of 267 pages in 1846, and "his third 
report in 1847. The survey was nearly finished, but in conse- 
qiienoe of some disagreement between himself and the Government, 
tne final report was never written, and as Prof. Adams has de- 
ceased, it never can be. The survey has, however, been resumed. 

Descr. In 1853 Professor G. C. Swallow was appointed to snr- 
vey the State of Missouri, and Mr. P. Daniels to survey Wisoon- 
sin ; and they are now prosecuting this work. California has been 
examined by several geologists, not, however, under governmental 
appointment, and valuable reports upon the geology of the regions 
of the west and south (Texas New Mexico, &c.) have accom- 
panied the Journals of several officers of the army, as Fremont, 
Emory, Stansbury, Maroy, Simpson, Abert Nioollett, &o. See, 
also. Professor Agassiz's works on Lake Superior. 

Results, Thus it appears, that within the last 25 years, surveys 
have been commenced in 23 states and territories of this Union ; 
embracing an area of nearly 700,000 square miles. For several 
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years, not less than 65 geologists and assistant geologtsta Lave 
been constantly employed in this work. Geological maps of Mas- 
sachusetts, Rhode Island, New Jersey, Teonessee, Iowa, Wis- 
consin, South Carolina, Connecticut, New York, and North Caro- 
lina, have already been published ; and they are nearly prepared 
in many otber States, so that we are now able to construct a com- 
plete geological map of the United States, The collections of 
specimens that have been made and will be deposited in the capi- 
tals of the different States and of the United States will be of 
great eztent and value, and the vast number of chemical analyses 
that have been- made of different substances will prove of the ut- 
most value. See my Anniversary Address before the Association 
of American Geologists in Philadelphia, in April, 1841, where 
thefa^s are given in greater detail up to that date. 

Desor. It ought not to be omitted in this connection, that at an 
earlier date than any of the State surveys were nndertaken, the 
late Hon. Stepben Van Rensselaer, with great liberality and 
mnnificence, directed a geological survey to be made of the region 
bordering upon the Erie Canal ; and that Mr, Araos Eaton, who 
was employed, made a report of 163 pages in 1824 ; with an ex- 
tended section from the Atlantic to Lake Erie. 

Descr. Within a few years past, the British provinces of Nova 
Scotia and New Brunswick have been geologically examined by 
Dr. Gessner, who has published reports of Lis labors. 

Descr. In 1845, the government of Canada appointed Mr. Lo- 
gan to make a geological survey of that province, and he is now 
engaged in that work. He lias published several annual reports. 

Descr. As early as 1822, a geological survey of France was oom- 
menced by order of the Government, under the direction of MM'. 
BrocLant de,Villiers, De Beaumont, and Dufrfiuoy. TLis work 
has been prosecuted with great ability for 20 years, and recently a 
large geological map of the whole kingdom Las appeared. Whe- 
loelPs History of the Inductive Sciences, vol. 3, p 534. London, 
1837. 

Descr. In Lis Anniversary Address before the London Geo 
logical Society in February, 1836, Fhil. Mag. vol. 8, 3d Series, p. 
568, Mr. Lyell says, " early in the Spring of last year, an applica- 
tion was made by the Master Generij and Board of Ordnance, to 
Dr. Buckland and Mr. Sedgwick, as Professors of Geology in the 
Universities of Oxford and Cambridge ; and to myself, as Presi- 
dent of tLe Geological Society, to offer our opinion as to tLe expe- 
diency of combining a geological examination of the English coun- 
ties with the geographical surveys now in progress." The pian 
was adopted; and H. L. De la Beche commissioned to make the 
Survey. In 1839 be made a report on tLe Geology of Oomwall, 
Devon, and West Somerset, in a volume of 684 pages, with 12 
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plates. At least two other large volumes of Memoira have ap- 
peared since, aod t!ie Museums of Economic Geology that have 
been opened in London, Dublin and Edinburgh, are the finest of 
the kind in the world. 

Descr. A geological survey has been several years in progress in 
Austria, on a grand scale, under the superintendence of W. Hai- 
dinger, assisted by many able naturalists. The plan will reijuire 
30 years to complete it. 

Inf. Those whose recollection enables them to compare the 
state of geological science 40 years ago with its present condition, 
and the almost universal Interest now taken in it, with the almost 
entire absence of all interest, or knowledge ou the subject then, 
will hardly venture to predict what will be its condition 30 years 



SECTION XI. 

10 AL GEOLOGY, 



Drf. Under the term Geographical Geology, I embrace simply 
a summary description of the geology of the differeat countries of 
the globe, in a geographical order. The t«rm might, also, properly 
include the geography of the globe at different geological periods ; 
for it is easy to know what was the geography of the world at these 
auooessive periods ; and a map of it might be nwde aJiswering to 
those times. Thus, during the tertiary period, all those portions 
of the globe now colored as such, on a geological mB,p, might bo 
represented as water ; and we should see what waa Ukca dry land. 
Convert all the secondary into water, and what remains would 
show the character of our continents during that period; and eo 
of the older fossiliferous formations. This subject, however, cannot 
be treated fully in this work. See I/yell's Principles of Geology, 
and Boue's Menwires Geologiqves, ^-c. Tome Premier Parw, 
1832. 

Rem. M. Boue of France was the first geologist who ventured 
to publish, some ten years ago, an outline map of the Geology of 
the Globe, founded partly upqn theory. This map I copied on a 
reduced scale, and constructed another of the United States, from 
all the data within my reach ; giving the rocks more in detail ; in- 
tending to bring them both out long ago, with a brief description 
of the Geology of the Globe. The work, however, has been de- 
layed to 1853, and has just been j)ublished by Phillips, Sampson, 
& Co., under the title of " Outline of the Geology of the Globe, 
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ind of the United States in partionl^r,'' &c. A raeie glance at 
ibese maps, vitli more thaa 100 eketches of characteristic Ameri- 
can foaails, will give a better idea of the geology of the globe than 
a volume of mere description ; and, therefore, I shall give a less 
txtendcd account of this subject in this Section, since that little 
vork ia now aocesaible, and will be so much more satisfactory. 



England. 

Rem. The rocks of no country on the globe have been studied 
BO oarefiilly and suboesafully as those of England, Indeed, the 
description of rocks in general, given in this treatise, is based 
upon those of Great Kritain ; and, therefore, little more will here 
be needed than to describe briefly their distribution in that coun- 
try, 

Descr. The hypozoio rocks ate confined chiefly to the west or 
mountainous part of England, viz. Wales, Cumberland, Cornwall, 
and Devon In proceeiling easterly, the country becomes hilly 
and then level, and the roeks generally become newer and newer, 
until we reach the alluvium of the eastern coast The unstratified 
rooks are mostly confined to the western districts, aa are the Cam- 
brian and the Silurian Groups. The estuary of the Thames con- 
tains the principal deposit of the tertiary strata. 

De&cr. Probably coal is the most important mineral found in 
England; and that country is remarkably well supplied with it. 
Conybeare and J'billips describe five great ooal districts: 1. That 
north of the Trent: 2. Central coS district: 3. Western coal 
district : 4. Middle western, or Shropshire ; 5, South-western. 
Some statements, however, have already been made in respect to 
the coal deposits of England in Section III, The annual amount 
of coal dug and consumed in England and Ireland is about 
15,500,000 tons. 

Descr. Extensive deposits of iron oft«n accompany the coal of 
England ; as well as the limestone necessary for smelting the ore ; 
and the fires tones for the furnaces; while the coal supplies the 
fiiel. In 1839, the amount of iron manufactured from ore in 
England, was 1,312,000 tons. Mining Review, Dec., 1839, p. 182. 

DescT. England contains several mining districts where other 
metals are found; the chief of which are, copper, tin, lead and an- 
timony. In Cornwall and Devpn, the mines of these metals 
are in hypozoic rocks. Rich lead mines' with copper and ziao, 
are also found in the mountain limestone of England and Wales. 
The amount of oxide of tin rjwaed in 1839, was 4,868 toni. 
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Mining Review for Pebruary, 1S40, p. 14. The amount of lead 
in 183S, waa 46,112 tons, and the amount of copper in 1837 was 
11,209 tons. 

Descr. In the new red sandstone at Northwich, ie a valuahle 
deposit of rock salt, the two beds being 60 feet in thickness and a 
inile and a half long. The salt springs at Droitwich produce 
700,000 bushels of salt yearly, and the whole amount in all Eng- 
land, is 15,000,000 bushels. In the London ciay, the septaria 
produces the valuable Roman Cement; which is carried all over 
tie world. Many other valuable minerals esist in the rocks of 
England, which cannot be here specified. 

Scotland, 

Descr. Scotland is much more mountainous than England, and 
is composed generally of hypozoic and older fossiliferoua rocks. 
All the varieties of the former occur here, and are fully developed. 
They consist of granite, syenite, porphyry, trap and serpentine ; 
which are anstratifled, and of gneiss, mica slate, cjuartz rock, and 
clay slate, which are stratified. The fossiliferous rocks are the 
Silurian, old and new red sandstone, mountain limestone, coal for- 
mation, lias and oolite, which are covered with drift and alluvium. 

Descr. The amount of iron smelted in Scotland in 1839, was 
200,000 tons. Copper, lead and silver, are also obtained there. 
The annual value of lead is about $603,000, and of the silver, 
$44,400. Several important coal fields ^siat, which furnish a 
large supply. The Mid Lothian coal fields produce annually 
390,000 tons ; and they are calculated to contain 2,250 millions of 
tons ; which would supply the whole of Great Britain, which an- 
nually consumes 30 millions of tons, for 75 years. Mining Re- 
view, Oct., 1839, p. 149. The Brora coal is said to be in oolite; 
but its quality is poor. 

Descr. The Western Islands of Scotland are remarkable for un- 
stratified rocks, which produce much wild and interesting scenery. 
See MaccullocJi's Western Islands, in three Volumes. London, 
1810. 

Ireland. 

Descr. All the crystalline and older fossiliferous rocks both 
stratified and unstratified, occur in Ireland on an extensive scale. 
Chalk also is found beneath the trap. Perhaps the most striking 
feature of Irish Geology is the vast deposit of trap in the northern 
part of the island. It occupies an area of 800 square miles, and 
is 515 feet in average thickness. Where it extends to the coast, 
it exhibits the femous columns, which constitute the Giant's Cause- 
way. The chalk on which this trap rests, is often changed into granu- 
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lar iimestone. Beneath the chali lie green sand, lias, and varie-. 
gated marls. 

Descr. Ireland contains several coal fields. Nearly all that in 
the province of MuDster is anthracite ; which is used to some ex- 
tent for burning lime. The other basins produce bituminous coal 
The peat bogs m that country occupy, it is said, more than one- 
tenth of the island, and are from 15 to 25 feet thick. Iron is also 
wrought to some extent ; as are copper and lead. The single 
mine of AlHhies produces more than 2,000 tons of copper annually ; 
and those of Coonbane and Tigrony, in 1811, produced 1,046 tons. 
Native gold also occurs in considerable quantity. 

Denmark. 

Descr. This low and flat country is composed almost entirely of 
the deposits of weald clay, and chalk, covered hy tertiary and drift ; 
and these in their turn often by alluvium. 

Descr. Iceland and the Earoe Islands, which are under the 
jurisdiction of Denmark, are composed almost entirely of igni- 
genous rocks of two eras : the first, that of dolerite or greenstone.; 
and the second, that of modern volcanos. Some of the most terri- 
ble eruptions of modem times have occurred in Iceland. The 
amygdaloidal rocks of these islands are celebrated for the splendid 
zeolites which they afford, 

Sweden., Nm-icay, and Lapland. 

Descr. Those extensive conntries form the ancient Scandinavia. 
It is rough and mountainous, and the rocks are mostly hypozoio 
and older fossiliferous ; though chalk is said to occur ; and in 
Sweden some recent tertiary strata. The mounhiins are mostly 
gneiss with mica and talcose slates, and in Norway are extensive 
deposits of porphyry and syenite. But the drift or boulder forma- 
tion that is spread over this country, is perhaps the most remark- 
able in the whole series. This, however, has been already described 
in ft preceding section. I would only remark here, that' drift 
phenomena in Scandinavia appear to resemble those in New Eng- 
land more nearly than in any European country. And there is* 
good deal of resemblance in the rocks and minerals; especially 
between those of Norway and New England. 

Descr. The mines of Sweden have long been well known. Those 
of gold and silver yield much less now than formerly. Those of 
Kongsberg have been considered the richest in Europe. A mass 
of native silver was once found here weighing 600 pounds. The 
copper mines are very prolific ; that of Eahlnn alone yielding an- 
nnally 510 tons. Cobalt is also wrought in several places. Prom 
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the solpliurets of iron and copper, sulphate of iron or copperai ii 
manufactured in large quantity. In Sweden and Norway 120,000 
tons of iron were manufactured in 1839. The immense beds of 
iron are usually connected with the gneiss. Extensive quarries of 
granit«, marble, and porphyry, the latter the finest in Europe, are 
also worked. 

Holland and Belgium. 

Descr. These countries are proverbial for the flatness of their 
almost entire surface, although some parte are hill^. But much 
of the land lies even below the level of the sea, and is defended by 
dyites. As miglit be expected, no hypozoio roclta occur, nor any 
unstratified rocks. Clay slate is the oldest ; and most of these fos- 
siliferous strata are superimposed upon this, with one or two ter- 
tiary basins, and a coat of drift, 

Ikscr. Both anthracite and bitummous coal are found in Bel- 
gium ; the latter in great abondanoe. In 1837 her 250 coal mines 
yielded 1,600,000 tons; and the iron mines in 1839, 80,000. 
Mining Reviefu> for July, 1838, p. 109; and for Janua/ry, 1840, 
p. 6. 

France. 

Bescr. This extensive country, embracing an area of more than 
200,000 square miles, is generally level; though in its central 
parts mountains rise 5,000 or 6,000 feet ; and the highest moun- 
tains of Europe, the Alps, are on its borders. Nearly all the 
stratified and unstratified rocks from the oldest to the most recent, 
are found here. The carboniferous strata are far less extensive 
than in England; but the new red sandstone, and the juia or 
oolitic limestones, form extensive tracts. Chalk also occurs in vast 
abundance ; and there are not less than ax extensive basins of ter- 
tiary deposits But perhaps the most remarkable of the forma* 
tions is the district of extinct volcanos in Auvergne, which has 
long been classic ground for the geologist. The rocks are trachyte, 
basalt, and tufa. 

, Descr. In 1837 tlie one hundred and ninety-eight coal mines of 
France produced 1,150,000 tons of coal; and her iron mines, 600,- 
000 tons of iron in 1839. Mining Eemew, July, l^m, and Jan- 
wiry, 1840. Her lead mines yield annually about 1,525 tons, and 
her silver mines about 2,800 pounds troy. Besides these, there 
are mines of copper, antimony, manganese, alum, and vitriol. Co- 
balt, arsenic, nickel, and tin, also occur in small quajitity. Quar- 
ries of marble, slate, gypsum, flint, and buhrstone, are likewise 
Kttensively wrought. 
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Descr. The surface of Spain is strikingly irregular; some of 
the mountains, as the Pyrenees, rising more than 1 1 ,000 feet above 
the ocean. The central axis of these mountains is usually hypo- 
zoic or primary fossiliferous roeks, both stratified and unstratified. 
The middle secondary strata, however, sometimea rise to a great 
elevation, as in the Pyrenees. The more recent secondary, even 
to the chalk, as well as tertiary deposits, occur. Around Olot, in 
C^lonia, is a region of extinct voleanos, oceupying twenty square 
leagues, according to Maclure, who first pointed it out. LydVs 
Elements of Geology, vol. 2, p. 265. 

Descr. Lead oeeurs in great quantity in Spain ; one district 
yielded in 18-28 no less than 30,000 tons. This deposit is in "tran- 
sition limestone. There are also rich quicksilver mines in olay 
slate. &M extensive deposit of rock salt exists at Oardona, in the 
cretaceous rocks. The iron smelted in 1839 was only 18,000 tons, 
although the ores are said to he very ahtmdant. Extensive depos- 
its of coal are found in the province of Asturias. The sands of 
the river in this country have long heen known aa yielding gold. 

Portugal. 

Descr. The geological structure of Portugal is similar to tiat 
of Spain ; the older stratified and unstratified rocks, constituting 
the mountains. Gold occurs in the sands of a few of the rivers, 
and is still sought, but with small success. There are also mines 
of coal, of graphite, of iron, and of quicksilver; and formffl'ly tin 
was explored. 

Descr. Italy contains the loftiest mountains in Europe, viz. a 
part of the Alps, including Mont Blanc, St. Bernard, and the 
Apeunine chain. Between these mountains are most beautiful 
plains. -The Apennines are made up in a good measure of lime- 
stone, belonging to the newest of the hypozoic, or the oldest of the 
fossiliferous rocks ; though in some parts are slate, euphotide, and 
gahhro. The sub-Apennine hills, at the base of the Apennines, 
are composed of tertiary strata, often containing species of shells 
such as now exist in the Mediterranean, And there is evidence 
that the Apeunine chain has been elevated 3,000 or 4,000 feet 
since the deposition of these tertiary strata. In Calabria, granite, 
gneiss, and mica slate exist, Hypozoic rocks occur also in the 
Alps and on the island of Sicily ; tbough most of the rocks on this 
island are secondarj' aed tertiary. Most of the English newer 
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eeoondary rooks occur here. In this island, also, is volcanic Etna, 
nearly 10,000 feet high. On the main land, Vesuvius is the only 
active volcano, nearly 4,000 feet in height; though near Naples ia 
a aolfatara, which continually gives off gases and vapor. Brocchi 
estimates the number of craters of eztinct voloanos in the vicinity 
of Naples, at 27. The Lipari Islands, as also Frocida and lechia, 
are all of volcanic origin ; and among the former is the perpetnally 
active voloano, Stroraboli. In Corsica and Sardinia, the prevail- 
ing rocks are hypozoio and older fossiliferous. Jura limestone, 
however, is found there; and in Sardinia are tertiary strata cov- 
ered by drift with volcanic rocks. Malta and Goro are chiefly 
composed of soft limestone. Along the shores of the Mediterra- 
nean are deposits of alluvium ; and in the fissures and caverns of 
the rocks, is a calcareous deposit, called bone breccia, made up of 
the fra^ents of the bones of extinct animals, cemented by carbon- 
ate of lim.e, 

Descr. Italy has long been celebrated for its marbles, such as 
the Oarara, the Pentelic, Lumachella, &o. Coal occurs there, but 
is not abundant. In the province of Coserza, are extensive bods 
of rook salt. Silver, lead, copper, and iron, have been wrought; 
the latter especially. In 1839, Italy, with the islands of Elba 
and Sardinia, produced 50,000 tons of iron. The iron mines of 
Elba have been wrought from the earliest times. Sicily has long 
supplied nearly all Europe with sulphur, dug from the tertiary 
clays. 



Descr. The geology of this country of mountains has been ex- 
plored by many of the ablest geologists of Europe, commencing 
with Saussure. And although its structure is complicated, it has 
afforded many fine illustrations of geological principles. The cen- 
tral parts of the Alps are hypozoic ; or gneiss, mica slate, talcose 
slate, hornblende slate, and limestone. In the gneiss, talc often 
r^laoes the mica ; and the rock is then called protogine, of which 
Mont Blanc is formed. On the flanks of the mountains are .e- 
posits of new red sandstone, lias, oolite, green sand, cballi, and 
tertiary strata, over which are accumulations of diluvium. The 
tertiary rocks are from 2,000 to 4,000 feet above the ocean, and 
mark the height to which these mountains have been raised since 
those strata were deposited. All the older unstratified rocks, as 
granite, syenite, porphyry, and greenstone, are found in the Alps. 

Gerntany. 

Descr. The south-western and eastern borders of Germany con- 
sist of lofty mountains of azoic rocka; vhich occur also in several 
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places more central, aa in the Hartz moontains. Newer rooks oc- 
cur in many places ; though relatively less abuDdant than in Great 
Britain. Tet nearly all the fossiliferous rocks of Great Britain 
are found in Germany, and in the same relative position. A part 
of the extensive plains of northern Germany is composed of ter- 
tiary rooks, covered with diluvial detritus from Scandinavia. As 
many as four other tertiary basins occur in Germany. Indeed, 
nearly every stratified rock that has been found in any part of the 
world exists in Germany. 

Descr. Several coal deposits are found in this country, which 
annually produce about 1,000,000 tons of coal. Salt and gypsum 
are also found in the new red sandstone, and of the former the an- 
nual produce is 157,500 tons. The amount of iron manufactured 
in 1839, in Germany, was about 300,000 tons; of which Austria 
produced 100,000; Prussia the same, and the Hartz mountains, 
70,000. The annual produce of the gold mines of Germany, is 
182 marks; of silver, 123,000 marks; of copper, 1,950 tons; of 
lead 9,560 tons ; of tin, 400 tons ; of mercury and cinnabar, 799 
tons; of cobalt, 825 tons ; of calamine, 4,140 tons; of arsenic, 530 
tons; of bismuth, 75 tons ; of antimony, 120 tons"; of manganese, 
90 tons. Indeed, this country is the most remarkable ono in Eu- 
rope for mining operations, and for the soientifio skill with which 
they are conducted. 



Descr. This extensive region has the Carpathian monntains on 
its north and eastern border, and the Julian Alps and other moun- 
tains on the south. The country in the interior is in general 
hilly, except several plains of great extent. Hypozoic rocks occur 
in several plaoes, but they are not relatively very abundant^ Nearly 
all the fossiliferous deposits hitherto described, occur here ; and 
above them drift and alluvium. The common unstratified rocks 
are also found here; and in addition we have trachyte in abun- 
dance, with tracbytic porphyries, tufas, and conglomerates; which 
are of more recent data than the tertiary strata ; and one solfatara 
at least exists in the tracbytic regions of Transylvania. 

Descr. Hungary produces more gold and silver than any coun- 
try in Europe. Hassel states the annual amount of the former to 
be 1,050 pounds; and of the latter 41,600 pounds. Bat this is 
greater than the quantity now obtained. The iron annually smelt- 
ed is about 10,000 tons; of copper, 19,000 ton/; of lead, 1,225 
tons : and large quantities of coal and salt are obtained. 
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PolaTui and 'B/ussia in Europe. 

Descr. Poland and Bussia a,re for the most part a vast plain, 
bounded on the east by the Uralian mountains, and on the south 
by the Carpathian and Silesian chains. These mountains are 
shiefty hypozoic and fosailiferous ; as are also Finland and Russian 
Lapland. But the tertiary and alluyial strata predominate in most 
parts of the country. Nearly all the fossiliferous rooks occur; 
such as old and new red sandstone with the coa! formation inter- 
Ycning; lias and other limestones, and greeE sand and chalk. The 
tertiary strata correspond rather to those in Hungary and France, 
than to those of England and Italy. Over the tertiary is a de^ 
posit of clay, sand, and boulders, from 30 to 100 feet thick, which 
has been brought from the north; and this deposit contains the 
bones of many extinct terrestrial animals. Unstratified rocks are 
uncommon ; but trachyte occurs in the Caucasian chain. 

Descr. The Uralian mountains forming the eastern boundary of 
Russia in Europe, have, for some time, been made remarkable for 
their deposits of gold spread over a region of 200,000 square miles. 
The gold occurs mostly on the east side of the mountain, and in 
alluvial deposits, though the subjacent rocks contain a small quan- 
tity disseminated. These auriferous roeks probably estend east- 
erly and southerly over a large part of northern Asia. The pro- 
duce of gold in the Russian empire now rises as high as twenty 
millions of dollars annually. Platinum also occurs in connection 
with the gold and most of the gems used by the lapidary, from the 
diamond to quartz. 

Descr. In Poland occurs in the tertiary strata, the most exten- 
sive deposit of salt in Europe. Several other deposits of this min- 
eral are found in the new red sandstone with gypsum, in Russia. 
Some coal mines have been opened; but they are not extensively 
wrought. The iron mines of Russia and Poland yielded, in 1839, 
about 158,000 tons. Copper is obtained also, on the western side 
of the Uralian mountains. 



Greece and Turkey in Eurc^. 

Descr. The geology of these countries is very similar to that of 
Hungary, but it has not been minutely described. 

J)eser. The following Table gives a more recent view than the numbera 
already presented, af tbe aunual produce and value of the mining operatiuns 
in Europe, so far aS metala are couaemed. AaateiTt Qfoiogij, vol 2, p. 808. 
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TVrfey iw jlsta and Arabia. 

Ikscr. Although many insulated facta are known reBpeotiag the 
IfO^s ef those extensive and mouutainoua regjona, yet no conneoted 
TJew of their geology oan be made out. It is oertain, honever, 
that Fooks of eYery age, stratified and uostratified, are found there. 
A few fltatementa of interest can be made respectiog the geology 
of Syria, Palestine, and Arabia. 

jiescr. In Syria and Palestine, limestone, probably of the newer 
secondary olasa, is the most abundant rocL It forma (ho greater 
part of the mountains of Lebanon, Anti-Lebanon, Carmel, the 
mountains of Q-atilee, and the ridges stretching south frcim the 
Dead Sea. Mueh of it is yellowish white and compact, not a little 
resembling the stone used in lithography. At least this is the 
character of the limestone on which Jerusalem is built; and of 
whioh the ancient temple of Solomon and the houses of the city 
were constructed ; and it was the material from nrhich the tessel- 
lated pavement of the streets was formed.* 

Jhscr. Mount Lebanon has been described by M. Botta, as con- 
fliflting of three groups of calcareous rocks. The upper group 
consists of limestone of variable hardness, alternating with marls; 
the middle group embraoes siliceous beds and nodules, with fossil 
echini and fishes ; and the lowest group is mostly sandstone, with 

• A reoent analysis of this limeatone gare me in 100 parts, — 

Enrthy Residuum 1,00 

Carbonate of Mugnesia .... 0.83 
Carbonate of Lima es,17 

100.00 
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beda of Nlioo-calcareous matter, iron ore and lignite. The whole 
formation lie refers to the chalk. Traits Ehmentaire de Geolo- 
gie, Par M. Rozet, p, 524. 

Descr. Mount Hor and Wady Mousa, in the ancient Edom, are 
composed of Tariegated or new red sandstone ; and the escayations 
of Petra, the ancient capital of Edom, are in this rock; which ex- 
tends to Mount Sinai, and still farther south. On the borders of 
the Dead Sea marly strata occur, and a remarkable ridge of rock 
salt, from 100 to 150 feet high, called Usdum. Robinson and 
Smith's Biblical Researvkes in Palestine, SfC, vol. 2, p. 482. 

Descr. Some of the highest peaks around the Red Sea, are said 
to be composed of granite rook; Mount Sinai is wholly granite, 
OF perhaps syenite; as are also the mountains on each side of the 
Arabian Gulf. Porphyry and greenstone esist also in the same 
mountains. Trap rocks occur at Akaba, the eastern extremity of 
the Bed Sea; and according to Burckhardt, ancient volcanic era' 
ters may be seen in the same region. According to Von Buch, 
the valley of the Jordan, from Mount Libanus to the Red Sea, is 
a fissure, through which volcanic agency has been active, and-the 
character of the Dead Sea, as well as the thermal springs on its 
margin, the existence of volcanic rocks in tie same region, the rook 
salt and great amount of bitumen, and the columnar and amygdar 
loidal rocks existing near the Jordan, render it highly probable 
that this igoeous agency has been exerted at some former period. 
American Biblical Repository, vol. 3, Second Series, pp. 24, 324. 

Descr. Barometrical observations had made it almost certain 
that the Dead Sea is sunk many hundred feet below the level of 
the Mediterranean; and in 1841 the point was settled by British 
officers, who surveyed the region between the two seas trigonomet' 
rioally. They find the Dead Sea to be 1,337 feet below the Medi- 
terranean. 

Rem. I have reoeised an extensive series of specimem illustratiog the ge- 
ology of Syria aad Palestine, especially that of Mount Lebanon, from Rev. 
Story Hebard, American miasionary in Syria, who had paid a goiid deal of 
attention to geology before leaving this eountry. They confirm the preceding 
statementB eaaentially. The liraeetoaes of Mount Lebknon are often pulveru- 
lent, and even chalky \ tiiough some of them are compact. They often con- 
tain ailieeouB nodules ; sometimes as large as a man's head, which, on break- 
ing open, present splendid geodes of crystals of quartz, or sometimes of mam- 
mUlary ohaloedony. Solid nodules of harnstooe, passing into chalcedony, are 
also common. The Umeatone eoatains fine petrifactiana of one or two species 
of Tellina, and VeniiB, a Terebra, a Trochus, a Dolium, an Ostrea, an Ecbioo- 
derm, and Bshes on a white marl slate somewhat like that of Monte Bolca, 
and with homocercal tails. The saodstonea are highly ferruginous, and re- 
semble those in this country that are referred to the lower part of the creta- 
ceous group. In this sandstone occur beds of asphaltum, espeuially at Car- 
me] on Mount Lebsjion, and at Uermon on Anti-Libanus, at the former place 
in ferruginous saudstooe. Lignite is also found on Lebanon. Near t^a to[a 
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of this monDtan owura a brittle bituminona shale, and on the borders of the 
Dead Sea and the Sea of Tiberiae, a blauk higWj-bitumiiious limeetone. 
Genuine greenslone is fcund with the limestone on the east side of Anti- 
Liljaoua; and a veaieular basalt with olivine. The same rook eiiste at Hau- 
rau, HoulJi-east of Damaseua. QeQuine basaltic vesicular lava oecurs in an 
BQiaent oratec fire miles west of Sftfet; and a still more jjoroua varietj on 
the north shore of the Dead Sea. The ruina ot Jeriolio furoiaha similar rock. 
{See the Spectmnu m the Cabinet of Amherst College.) 

Descr. " The compact limestone rocks which bound the Nile in 
the whole of Upper Egypt," says Mr. Weaver in his Observations 
on Ehtenberg's Discooeries in Mag, Nat. Hist, for June, 1841, 
p^ 305, " and extend far into the Sahara, or Desert, as well as the 
West Asiatic compact limestones in the north of Arabia, are in 
the mass composed of the coral animalcules (Polythalamia of Ehr- 
enberg, or the Eoraminifera of D'Orbigny) of the Enropean chalk. 
This affords a new insight into the ancient history of the formation 
of Lyhia, from Syene to the Atlas, and of Arabia, from Sinai to 
Lebanon ; thus opening a large field to organic distribution." 

Bern. Professor Bai ley, of West Point, having seen the abore paragraph, 
requeatad me (March, 1843) to send him apeoimeus from nij eoUeotion above 
referred to, of limestones from Syria and Palestine. Having complied with 
the request. Professor Bailey has kindly communicated to ma the following 
reaults, which confirm in an mterestiog manner the statemenlBof Ehrenberg. 
The locahtiea mentioned by Ehrenberg are " Hamam Favafln and Tor in the 
Sinuan portion of Arabia," " oonatitnting hilly masses in Upper Egypt," and 
" continued eastward into the Great Deaert plain tending towards Paleatine." 
The speeimens examined by Prof Bailey are mostly from places much farther 

No, 1. From the inlBrior of the Pyramid of Cheopa ; Polythalamia dia- 
IJnotly present, but rare. 

1^0.2. West side of Anti-Libanus; Polythalamia abundant. Fig. 206. 

No. SO. Anti-Libanus 1 clay colored limestone ; Polythalamia abnndant. 

No. 3. Near Damascus ; Polythalamia abundant. Fig. 203. 

No. 1. Mount of Olives ; Polythalamia abundant. Fig. 208. 

No. 8. Beyroot ; Polythalamia abundant. Fig. 207. 

Prof. B(uley has added sketehes of Polythalamia from the Enalish dialk, 
and from a cretaceous formation at a mission station on the Upper Imssiesippi ; 
Fig. 205. The scale shown on Fig. 206 is the same for alL It is .jJ^ tba of 
a millimetre, magnifiad equally with the sketches. 

Inf. It is impossible to compare the sketches on Figs 203 to 208, 
without being convinced that they all were derived from the same 
formation; that is, from the chalk formation. The evidence 
would hardly be more satisfactory if the organic remains were 
those of mastodons or megatheroids, having as close a resemblanco 
aa is shown in these figures, Wliat an interesting example of the 
constancy of nature in her minutest works, and of the triumph of 
Bcianoe over difficulties apparently insuperable ! 
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Descr, In the western part of Asia Mmor to the east of 
Smyrna, and m the viemity of the ancient Sirdis and Philadel- 
phia, is a region inteiesting to the geologist called the burnt coun- 
try, from the striking marks it boars of former volcanio actioo. 
Here are seen mimerous streams and heds of lava, and 30 distinct 
volcanos, whose craters are covered by soil and vegetation. The 
deep fissurea cut through the lava by running water, show that the 
period of action in these volcanos must have been very remote. 
Three of them, however, are much more recent : yet even these 
have been quiet for at least 3,000 years. Dr. Smith's Scriptm-e 
and Gidogy, 2d Ed., p. 1 49. 



Descr. The little that is known of the geology of tliis vast re- 
gion, consistB of a few insulated facts. On the north, commences 
the largest inland sea in the world, viz., the Oi^pian ; which is 
600 miles long, and 300 broad, and salt like the ocean. In the 
north'West part of Persia is the lake Ooroomiah, 300 miles in cir- 
cumference, whose waters hold in solution one-fifth of their weight 
of salt, and contain so nmoh sulphuretted hydrogen as to tarnish 
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silver rapidly, after having been brought to tliis eonntry.* The 
sea of Aral, in Tartary, east of the Caspian, is also salt. These 
facts, particularly those in respect to Ooroomiah, indicate voleanio 
agency in those regions ; and the remarkable springs and deposi- 
tion of asphaltum, in the region of ancient Assyria, as well as the 
sulphur in the soil, lead to a similar conclusion. An extinct vol- 
canic crater is said to eiist in the vicinity of Mount Ararat ; and 
that mountain itself is made up of ancient lava. A crater also 
exists in the Kourdish mountains. Near Tiflis, in G-eorgia, are 
hot springs ; and a boiling spring on the river Akhoor. In the 
Caucasian mountains are extensive groups of basaltic columns. 
Near lake Ooroomiah occurs the beautiful white or yellowish cal- 
careous alabaster of Tabreez, which is deposited by thermal waters 
in great abundance. Near the ruins of the city of Tact-i-SoIomon 
is another enormous deposit of ealo sinter. Copper, lead, and sil- 
ver are mined near Tokat, where 50 furnaces are in operation. 
Iron, copper, and silver are also wrought near Samsoon. Sir 
Eobert Ker Porter's Travels from 1817 «o 1820. See Am. Jour- 
nal Science, vol. 37, p. 347. 

Seicr, From specimens and their hbeh sent by Bev. Justin Perkias and 
J. L. Merriek, Aiiierioan missionaries in Persia, I learn the following !&cta. 
1. That on tlie vast plun north-w«at of Mount Ararat, are moriiine terraces 
like those ia this country. 2. That near Ooroomiah are eiteasive deposits 
of very tine gypseous alabaster. S. That gray sBudstoQ« and conglomerate 
•with gypsum are abundant in the saiae region. 4. That quarts rock exists 
there, as wel) as in same of the islands of the lake, and in aeysral other parts 
of Pei'sia. 5, That limestone is abundant around Ooroomiah. 6. That red 
suidstone and conglomerate (probably the new red sandstone) constitute a 
moontaio just back of Tabreei, some part of which appears as if it had been 
esposed to very powerful heat ; and that similar rodca occur in other parts 
of Persia. 1. That beautiful rock salt is dug from a mountain near Tabrees, 
as -well as on the plun of Khoy with gypanni. and at various places along tbe 
river Arasin Gteorgia. 8. That rich ore of Copper, composed of native copper, 
and tbe green and blue carbonates, exists in large quantity 30 miles north- 
east of Tabreez, from whioh the Persian gorernment have Fnauu&ctured 
raonon, 9. That the marble in the rniua of Persepolis resembles lias. 

■■ I have recently analyzed this water, and found 600 grains of it to eon- 

Of solid matter .... 102.1 grs. 
which was composed of 

Chloride of Calcium . . OM grs. 

Chlonde of Magnesium . 6.16 

Chloride of Sodium . . 90.58 

Sulphate of Soda . . . 6.67 
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Tartary. 

Descr. The interior portion of Asia ia orosBed by four grand 
systems of iiiounta,ins irom east to west; viz. on the soutu, the 
Himmalajah, next northerly the Kuentun, then the Thian-chan, 
and the Altaian. The first is in India ; the second separates Tar- 
tarj from Thibet, and the last from Siberia ; while the Thian-chan 
occupies its central parts. The Altaian chain presents its mag- 
nificent display of hypozoic and older fosailiferoBs rocis; over 
which are secondary and tertiary deposits. In these rocka are 
numerous metallic deposits. The quantity of ^old annually de- 
rived from thence, is 1140 pounds avoirdupois, and of silver, 
41,992 pounds. 

Descr. Active and extinct volcanos occur in central Asia ; oc- 
cupying a space of 2,500 square leagues. The most remarkable 
volcanic mountains are Pechan, Houtoheon, Ouroumptsi, Kobok, 
and Aral-toabe. These are between 900 and 1,200 miles from th« 



SS>eria. 

Descr. The geology of the Uralian mountains, which separate 
Siberia from Europe, is similar to the Altaian range in its general 
features. 

Descr. The Uralian mountains, especially on the Siberian aide, 
have long been celebrated for their mineral treasures. In 1828, 
about 53 tons of gold were thenee obtained. As long ago as 1 782, 
this mountain yielded 66,000 tons of iron, and 31,500 tona of 
copper. The Altaian chain of mountains, also, yielda an immense 
quantity of silver, as well as much gold and copper. In 22 years, 
12,348 pounds of gold, and 324,000 pounds of silver, were dug 
from the single mountain of Sohlangenbeig. In 1828, the entire 
produce of silver in Siberia was 1 82 tons. In the Uralian moun- 
tains, within a few years, platinum has been found in such quantity 
that it is now used as a coin in Busaia. Murchison's Getx. 
Russia, vol. 1, p. 648, Land. 1845. 

Descr. Other interesting minerals are found in Siberia; among 
which are the diamond, topaz, emerald, beryl, onyx, lapis lazuli, 
beautiful crystals of quartz, rubellite, avanturine, oarnelian, chal- 
cedony, agates, &o. 

Hindostan, Thibet, and Further India. 

Descr. The two first of these countries are separated by th» 
Himmalayah mountains, the higheat on the globe, and their 
gwlogiy beoDBes, therefore, of great interest On ^proaofaiaa 
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tliis chain from the plains on the south, we first meet with a aand- 
Btoue belonging to the newer secondary series ; next in sncoeasion 
argillaceous slate, mica slate, taloose slate, quartz rock, homhieude 
slate, and limestone. The highest part of the range is composed 
chiefly of gneiss, traversed by gi-anite. The mica slate is traversed 
by porphyry. At the base of these mountains, also occui' tertiary 
strata, in which the bones of the mastodon have been found in 
Burmah; and between the river Sutlej and the G-amrei bo es of 
tie elephant, mastodon, hippopotamus, rhinoo lb h d 

crocodiles, gavials, sivatherium, and tie m k y Dil \ d 
posits are said also to occur in these mountain I M ddl I d 
the vast plains are composed mostly of clay d 1 1 

with organic remains of animals and fossil w d Go d 11 
occurs here in a formation resting on granit P ul I d 
is composed in a great measure of unstrat fi d k h 

granite, syenite, and trap ; though nearly all th t tifi d hji 
ones are present also. Extensive deposits of d y d te 

tiary sti'ata exist there likewise; as well a d ft d IE 
The geology of Further India is but little kn w 

Descr. South-eastern Asia has loi^ been k wn g f 

gems. The diamond occurs in several plac Hit b h 

in conglomerate and alluvium. Corundum, f m t t t 

its finest state, is found there, Pegu is well k w to p d th 
most beautiful variety of the oriental ruby wb h pph 

Topaz, zircon, tourmaline, garnets, earn 1 j p g t 

amethyst, eats-eye, chryBolito, &o., are common. The annual value 
of oarnelian formerly exported from India, was 850,000. Burmah 
is celebrated for the vast amount of petroleum collected in wells ; 
which amoants to 95,781 tons per annum. India also contains 
gold, tin, iron, lead, and zinc; though not enough of these metals 
is obtained for home consumption. Rock salt is also found. 
From Thibet is brought a large quantity of borax. This is ob- 
tained from a lake, which contains also commoa salt. The Thib- 
etans are said to work mines of copper and mercury. 



Descr. The geology of this large island, lying near the coast of 
southern India, is quite simple. It is made up almost entirely of 
azoic rook, most of it stratified. The prevaUing rock is gneiss ; 
which is associated with dolomite and subordinate masses of quarts 
rock. Granite, syenite, and greenstone, also exist there. 

Descr. Iron is almost the only valuable metal found in Ceylon. 
But the gems are numerous. Amethyst, rose quartz, eats-eye, 
prase, topaz, schorl, garnet, pyrope, cinnamon stone, zircon, spinelle, 
Bfipphire, aud corundum, have been fbund; most of them in ocrn- 
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neetion vith graphite in gneiss. Transactions of the Gtologtcai 
Society, vol. 5. part 2, p. 311. 

China. 

Descr. Little is known of tha geology ot China. We only 
know that granite, syenite, porphyry, sandstone, &c., occur there. 
But its minarais are more known. Gold and silver, mercury and 
copper, lead, tin, and arsenic, are among those which are wrought. 
Babies, corundum, topaz, lapis lazuli, jasper, agate, jade, porcelain 
clay, and marble, are enumerated among its valuable minerals. 



Descr. It is known that these islands contain several volcanoa, 
but their other geological features are little understood. Gold 
and silver abound, and copper and mercury occur. Sulphur esista 
in great quantities ; and coal is found, as well as amber, porcelain, 
clay, marole, &c. 

Edit Indian Archipelago. 

Deter. In Sumatra are four voloanos, nearly 12,000 feet higli, 
while granite, trap, limestone, and other crystalline rocks exist 
there, as well as tertiary clays. In Java, are several ranges of 
volcanic mountains;. and at their bases are deposits, perhaps ter- 
tiary, of limestone, clay, and marl, with rook salt. Banca is said 
to be composed of gneiss and mica slate with granite. la Borneo, 
azoic formations are abundant, forming the axes of the principal 
mountain chains; while secondary, tertiary, and alluvial deposits 
occupy the lower regions. Volcanos also exist here. The Philip- 
pine islands are likewise volcanic ; so are also the Moluccas ; of 
wkioh Celebes contains azoic rocks. 

Descr. The mineral treasures of this Archipelago are abundant. 
Gold occurs in nearly all the islands ;. and the amount annually 
collected, is estimated at $2,922,300. Tin is abundant especially 
in the island of Banca; where in 1817, about 2,083 tons wcro 
smelted. Copper also occurs. Sulphur is obtained in great 
abundance and purity in Java. Borneo is celebrated for its dia- 
monds; one of which, in the possession of a prince of Matan, ia 
valued at $1,194,350. 

Australia ; or, Nem Holland. 

Doer. The details of the geology of particular portions of this 
jaat ialand, or rather continent, have not been given ; yet numer- 
OOBifttM OXK tlie uhject ar' known. The ooMt is tai tbe molt 
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part rocky tind mountainous; and the rocks which hare been re- 
cognized, are granite, mica slate, talcose slate, quartz rock, ancient 
sandstones and limestonea, the coal formatioo, red marl, with salt 
and oolite : also porphyry, greenstone, clinkstone, amygdaloid, and 
serpentine. There are some traces of former volcanos. Topaz 
and agate are the most interesting minerals. 

Descr. Interesting eollectioas of fossil bones from the limestone 
cavema of New Holland have been carried to England, and re- 
ferred to at least 14 species of animals. These animals are all 
similar to those found living in Australia ; such as the kangaroo, 
dasjurua, hypsiprimnus, wombat, a saurian, and an elephant. These 
bonea are much gnawed like those in the English caverns, and 
were probably carried into the caverns by earniToroua races. 

Descr. Late discoveries of gold in Now Holland have turned 
public attentioE to that country, so that even California begins to 
be deserted. Eev. W. C- Clark, who, ever ainee 1841, has beeu 
calling public attention to the subject, estimates the auriferous re- 
gion of Maquaire District alone at 700 or 800 square miles. The 
rocka containing the gold are the older azoic slates traversed by 
veins of quartz corresponding to nearly all other gold regions. 
They extend through the whole eastern part of New Holland, It 
is a curious fact that just 90' west from this region we find the 
Ural Mountains, and just 90° east the Sierra Nevada of Califor- 
nia, all of which ranges follow meridians. 

Descr. Probably thia is the moat prolific gold region on the 
globe. Up to January 1st, 1853, the amount that had been car- 
ried to England {according to newspaper statements) was $80,000,- 
000, or 4,000,000 ouncea. 

Descr. In the Vth Section I have described the discovery of 
the bonea of eleven species of gigantic birda in New Zealand, which 
is 1,200 miles S. E. of Auatralia Prtper, and usually included in 
Polynesia. 

Polyne^. 

Descr. The predominant formations in this vast group of islands 
are'the volcanic and the coral reefs. Those islands formed by the 
latter, are low and level; but the others rise to a great height. 
Mouna Koa in the Sandwich Islands is more than 16,000 feet 
bigh ; and Mouna Kea, 18,400 feet. These islands, with a aur- 
faoe of 4,000 square miles, are all volcanic ; Kilauea being the 
most remarkable volcano on the- globe. The Society Islands are 
composed mostly of igneous rooks of greater age ; as basalt, which 
frequently contains moat of the zeolitic minerals. The Eriendly 
Islands are mostly volcanic; as are also the Marquesas, the Galli- 
p^OH, the New Hebrides, and Gambier'a lalands. Juali TNrawa- 
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des ifl oompoaed wholly of basaltic greenatone. The South Shet- 
land and Orkney Islands are made up of hypozoic rocks, along 
with those of more recent igneous origin. The coral islands ara 
Elizabeth Island, Whitsunday, Queen Charlotte, Lagoon, Egre- 
inont, &o., &c. The shores of nearly all the volcanic islands are 
lined with coral. 

AFRICA. 

Egypt. 

Descr. Th south m pa t f this country is azoic, consisting of 
granite, syenite a d th ystalline rocks. The felspar in the 
granite aud y t d nd the rock has been used for many 

of the monum t f Ej,yp s Pompey's Pillar, Cleopatra's Nee- 
dle, &c. Syenite took it» name from one of these localities, near 
Syene. North of Syene succeeds a region of sandstone, which ap- 
pears to belong to the more recent of the secondary rocks. This 
is sacceeded by the limestone tract, which reaches from Thebe! 
several days' journey south. Between Thebes and the Medi- 
terranean, the country is wholly allavial. On the west side of 
the Nile ore the most remarkable examples of dunes that are 
known. 

Nubia and Ahysshna. 

Descr. Of the latter country nothing of importance is known re- 
specting iia geology, thoogh some gold has been found, and large 
quantities of salt are obtained from a large plain ; perhaps the site 
of a former salt lake. In Nubia, travellers mention granite, syen- 
ite, porphyry, sandstone, and limestone; and formerly mines of 
gold were wrought there. 

Barbary; or, Northern Africa. 

Descr. The greater part of northern Africa is a level, sandy 
plain. But the chain of Mount Atlas extend'; nearly across the 
whole of Barbary from west to east, and rises to the height of 
13,000 feet. Its higher parts are composed of granite, gneiss, 
mica slate, and clay slate. The northern part of the chain is 
composed, in a great measure, of calcareous rocks, resembling the 
lias, though sometimes approaching the transition limestones. 
Secondary sandstones also occur, and above these, tertiary strata. 
Among the secondary and tertiary formations, trap rooks are 
included. Salt springs and gypsum are found. 
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Western Africa, 

JOescr. ThiB embraces the west coast of Africa, from the river 
Senegal in I&' north latitade, to the riyw of Benguela in 18° 
south latitude. Little is known of its geology. The hills around 
Sierra Leone are granitic. The district through whicli the riper 
Zaire flows, is composed of gneiss, mica slate, olay slate, crystal- 
line limestone, granite, syenite, and greenstone. Ifot a little gold 
(estimated in the beginning of the last century from £200,000 
to £300,000 sterling annually,) is obtained from the interior, 
especially along the gold coast, and at the head of the Senegal and 
Gambia rivers. In Angola are very extensive deposits of mt, and 
some iron and copper. 

Southern Africa. 

Descr. The southern part of Africa is crossed by three ranges 
of mountains, running parallel to the coast; the height increasing 
towards the interior, till the innermost range rises 10,000 feet. 
North of these mountains are extensive table lands. The rocks 
composing these mountains are gneiss, clay slate, graywacke, quarts 
rock, and sandstone. Sandstone is most abundant ; and this forms 
moat of the rock in the table land beyond the mountains, as far 
north as 30' of latitude. Its strata are usually horizontal, and 
they give a tabular shape to the summits of the mountains. Table 
Mountain at the Cape of Good Hope, is formed in this manner. 
Through these rocks are found protruding masses of granite, as 
well as basalt, pitch atone, and red iron ore. The relative situa- 
tion of all these rocks is the same as in Europe. 

Eastern and Central Africa, and Sahara, or the Great Desert. 

Descr. Nothing appears to be known of the geology of the east- 
ern side of Africa. Of Central Africa, which is traversed by the 
mountains of the Moon, touch more is known. The more elevated 
parts consist of gneiss, mica slate, quartz rock, hornblende rock, 
clay slate, and limestone ; traversed by granite, greenstone, and 
other trap rocks. At G-oree are fine examples of basaltic columns. 
Extensive beds of rock salt are quarried in Soudan, and salt and 
natron lakes occur. It is also from this country that most of the 
gold carried to the western and the eastern coast is obtained. The 
Great Sahara, or Desert, is chiefly covered with quartzose and cal- 
careous sand, and is the most desolate region on the globe. Oo- 
oasionally, however, the rocks rise through the sand, and are found 
in the eastern part to oonsiBt of limestone and sandstone, contain- 
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ing rock salt and gypsum, and traversed by trap rooks. Where 
the Suhara leaohes the ooaet, the rocks are chiefly basalt. 

African Islands. 

Descr. A large proportion of the islands around Africa are vol- 
canic, and are composed of lava or basalt. Of this description are 
the Azores, the Canaries, where the voloanio peak of Teneriffe 
rises to the height of 12,000 feet; also the Cap* Verd islands, St. 
Helena, Bourbon, &c. 

AMERICA. 

DesCT. The longest chain of mountains on the globe, and with 
one exception the highest, traverses the whole length of this conti- 
nent tiear its Western side. In South America it is called the An- 
des, or Cordillera; on the isthmus of Panama it sinks into i com- 
paratively low ridge, but rises into the table land of Mexico and 
G-uatittiala, 6,000 feet high ; and some conical peaks shoot up much 
higher. Beyond Mexico this chain is prolonged In the Rocky 
Inountdins, which rise in some places about 12,000 feet. This 
chiin continues nearly or quite to the Northern Ocean. Parallel 
to the Atlantic, tie Appalachian, or Alleghany mountains traverse 
the tJnited States, rarely rising more than 6,000 feet, and usually 
not Wore thao 2,000 or 3,000 feet. Detached branches from these 
mountains extend irregularly into Canada, Labrador, and around 
Hudson's Bay. The mountains mhiob form the West Indies may 
be regarded as the southerly prolongation of the AUeghanies. 
Beyottd tb6 delta of Orinoco, they appear again in numerous 
ridges in Qtdana and Brazil, extending to the La Plata. 

De$cr. America is distinguished by vast plains as well as grand 
mountains. One of these lies along the Atlantic, of variable 
width, through the whole of the United States, extending to the 
Appalachian ridge, and ooeupjing a wide extent through the whole 
of South Anieriofl,. A similar plain, but ittueb narrower, occupies 
the weSfetii side of the continent. But the most extensive plain 
is the vast region lying in North America between the Appala- 
chian chain and the Rocky Mountains. Another, almost equally 
vast, occurs In the heart of South America. In its northern part 
is a vast expanse along the Orinoco ; and in the southern part are 
the immense Pampas of La Plata. 

South America. 

Descr. The basis of the vast chain of the Andes is composed 
essentially of gneiss and granite; but these »re covered by an im- 
mense deposit of ancient volcanic rooks ; snob as pyroxenic por- 
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phyriea, dioritea, basalt, tracbytes, with wacke-like oongiomorates. 
The elevated table lands in the vicinity of tbis range, are covered 
in a measure by fossiliferous limestone, wbich occurs from 9,000 to 
14,000 feet above tbe ocean ; and by new red sandstone, embracing 
ores of copper and gypsum, Tbe lower table land is covered by 
diluvial detritna, embraeing gold. Tbe mountains in the central 
parts of America, lying east of the principal Cordilleras, are in a 
measure composed of various slates, with quartz rock and sand- 
stone ; the central asis being usually azoic, and the slopes tbe older 
fossiliferous. Tbe plains between tbe different chains are exten- 
sively covered by tertiary strata. These strata, with white marl 
analogous to t'je lower chalk, and a sand like tbe green sand, are 
well developed on the shores of Patagonia. Indeed, tbe chalk 
formation has an immense development in South America, and 
rises in some places nearly to tbe height of 13,000 feet, De Bwch's 
Fetrifactions receuUlies in Amerique, Sfc, p. 18. In Brazil, gran- 
ite f'cquently abounds in tbe lower parts of the country, as well as 
in the mountains, where it is associated with nearly every other 
stratified and imstratified rook of the hypozoic group. In short, 
nearly every stratified and unstratified rook on the globe, from the 
oldest to tbe newest, from granite to lava, and from gneiss to aUo- 
vium, are developed in South America on a magnificent scale, and 
oooupy the same relative position aa in other parts of the globe. 
Humboldt on the Superposition of Rocks : Rozet's Gwlogie, 
p. 525. 

Rem. Mr. Darwin's " Geological Observations on South Amer- 
ica, (London, 1846,)" contain more just views 'and interesting fiicts 
respecting that continent, than all other books. But to present 
even the leading points would occupy too muoh apace for this 
work. Several of them are developed in the " Outline of tbe Gia- 
ology of tbe Globe," p. 57 to 67. 

Sescr. South America has long been oelebrated for its mines 
of gold, silver, platinum, and diamonds. In Chili, the annual pro- 
duce of the gold and silver mines is about $8,500,000. More than 
a hundred copper mines exist, and are much more profitable than 
those of gold and silver. Mines of quicksilver, lead, tin, iron, and 
antimony, also exist there, as well as deposits of nitre, rock salt, 
and coal. But mining operations are at present in a wretched 
state ; owing to wars and political convulsions. 

Descr. Brazil is most celebrated for its gems, especially its dia- 
monds. They are mostly explored in the beds of rivers by wash- 
ing the soil. Upon the first discovery of these mines, they sent 
forth a thousand ounces of diamonds, which affected the market 
powerfully. At present the annual produce is about 22,000 carats, 
or 183 ounces. The Brazilian topazes and emeralds are very fine, 
as well as the cbrysoberyl, amethyst, and quartz crystals. Gold is 
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also Bought after with saccesa in the auriferouH Baads. Copper 
ores are likewise abundant ; and deposits of oommon salt and nitre 

Descr. Colombia affords some diamonds; also emeralds, sap- 
phires, hyaointha, precious garnets, turquoises, and amethjata. 
Great expectations have also been excited respecting gold and sil- 
ver; but from 1810 to 1820 only $2,000,000 were annually coined 
fi-om the native metal ; but much more might be obtained with 
proper management. Copper and quicksilver mines are wronght, 
as well aa tin and rock salt ; the latter yielding a revenue of 
$150,000. 

Descr. Peru, including Bolivia, or Upper Peru, is one of the 
moat remarkable regions on the globe for the precious metals. 
Gold, silver, and meroory, are the most important. The silver 
mountain of Potosi alone yielded, in 225 years, Bo less than 
$1,647,901,018; and yet but a small part of it has been exca- 
vated, the whole mountain being a mass of ore, and it is 18 miles 
in circumference- One mine of quicksilver is 70 feet thick, and 
formerly yielded' an immense amount. The other mines of gold 
and silver ai^ very numerous ; but their produce is much less than 
formerly, on account of the imperfect manner in which they are 
wrought. There are also minee of copper, lead, tin, and rock salt. 
Iif ost of the mines are situated in the eastern range of the Andes, 
which oonsiete of mioa slate, syenite, porphyry, new red sandstone, 
and oolite. 

West Ittdies. 

Descr. These islands appear like the fragments of a former con- 
tinent; and most of them contain mountains, which, in Cuba, 
Hayti -■ .d Jamaica, rise to the height of 8,000 or 10,000 feet. 
The highest mountains in Cuba are mica slate, and through the 
secondary formations of the lower regions, project gneiss, granite, 
and syenite. Veins of gold, silver, and copper, also occur here, 
and coal exists in a vein, which is a very rare occurrence. Philo- 
sophical Magazine, vol. 10, p. T60, In the south part of Hayti 
is a mountain of granite. The highest part of Jamaica is com- 
posed chiefly of graywaoke with trap rocks. Upon these lie red 
sandstone, marl, and limestone, with trap and porphyry; the whole 
covered by drift and alluvium. The eastern part of the Carib- 
bean group, as Tobago, Barbadoes, Antigua. Bermuda, &c,, are 
Erincipally composed of limestone, probably tertiary. Antigua 
as been described minutely by Dr. Nugent, Transactions of t?ie 
Geological Society, vol. 5, and more recently by Prof liovey. 
American Joua^nal of Science, vol. 35, p. 75. It consists of gray- 
wacke, {indurated clay of Prof Hovey,) rec^it calcareous depos- 
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its, and trap. Ljiog above the graywacke is a Bingular filiceoos 
deposit embracing aa immenBe number of silicified trees of every 
size, up to 20 inches in diameter; along with vast numbers of 
shells. These form most splendid agates, and admit of a high 
polish. i^Seefine specimens in Prof, Hooey's Cabinet bequeadied 
to Amkent College.) 

Bescr. Prof Hovey has also given an interesting account of the 
geology of St. Croix. Am. Journal of Sd^nce, vol. 35, p. 64. 
He finds there the same stratified formations as occur in nearly all 
the West India islands ; viz. graywacke, and tertiary and alluvial 
limestone ; but unstratifled rocks are waotiug. The tertiary strata 
consist mostly of limestone, more or less indurated, and abound- 
ing in shells and corais ; many of which are identical with those 
now living in the ocean. A similar deposit is now forming upon 
the shores ; and it was in this recent deposit that the human 
skeletons, now in the British mu.'teum and garden of plants, were 
found. (Numerous specimens of the rocks and fossils of St. Oroix 
and Antigua may be seen in Prof Hovey'a collection above re- 
ferred to,) 

Descr. The western parts of the Caribbean islands are mostly 
volcanic ; such aa Grenada, St. Vincent, St Lueia, Martinique, 
Dominica, Gnadaloupe, Montserrat, Nevis, St. Christopher's and 
iTamaica. Oa some of these islands no eruption has occurred 
within the historic period; but craters are visible, and iraohytic 
and basaltic rocks are common. 

-Zfesw. Trinidad is a continuation of the continent, and consists 
mostly of hypozoic rocks. The famous Pitch Lake, three miles in 
circumference, has already been described. 

Guatimala and Mexico. 

Rem. The geology of Guatimala is very similar to that of Co- 
lombia, on the south, and of Mexico on the north ; being in fact 
the same as that of the Andes generally ; and, therefore, in this 
brief sketch nothing farther need be added, except to say that this 
country contains mines of silver and of sulphur. 

Descrr. Mexico consists maioly of a vast and very elevated table 
land ; being in fact a flattening down of the Andes on the south, 
and the Bocky mountains on the north. This vast plain 1,500. 
miles over, is occasionally diversified by an elevated insulated 
peak, which is often a volcano recent or extinct. The basis of the 
country seems to be azoic rocks, such as gneiss and granite ; bat 
its upper portion is covered with porphyry and trachyte. Second- 
ary sandstone and limestone also occur. A line of voleanos, of 
which there are five principal vents, traverses Mexico from eaat to 
west, about in the latitude of the capital. 
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Descr. The rooka of Mexico are rich in gold and eilver, par- 
ticularly the latter. They ooour m veins traversing clay slate and 
taloose slate, transition limestone, graywacke, and porphyry. New 
Spain yields annually 1,541,015 pounds troy, of silver; or two- 
thirds of the silver wliich is obtained on the whoie globe ; and ten 
times as much as is produced by all the mines of Europe. The 
number of mines ia 3,000. The quantity of gold annually obtained 
is only 4,315 pounds troy. Tin, copper, lead, mercury, and iron, 
are mmed in Mexico to some estent, and the ores are abundant. 
Beds of rook salt occur on the Rio Colorado. 

United States and British America. 

Rem. In the " Outline of the Geology of the Globe," I have 
gone into a somewhat extended account of North American Geol- 
ogy ([). 71 to 126) I feel it the less necessary therefore to give 
more in this place than a brief outline. 

1. Pacific mde of the Continent audits Northern parts, 

Descr. The Roeky Mountains are probably the uorthern pro 
longation of the Cordilleras. They rise to the height of more 
than 13,000 feet, and have a basis of hypoaoie*rocks, which, how- 
ever, are covered and flanked in many places by the older fossilif- 
erous slates and even by tertiary. strata. Igneous rocks occur 
along their western slope, and probably some active or recently 
active volcanoa. On Mackenzie river, brown coal occurs in ter- 
tiary clay. The coast of th A On from Cape Lyon to 
Copper Mine river, is comp d f lay 1 te overlaid by trap 
roim; and most of these no h n g n re strewed over wi^ 
drift, comjwsed of limestone, gr n p pby y greenstone &e. 

liescyr. The Sierra Nevada n u ta California run nearlj 

parallel to the Rocky Mounta n n wh h hey are separated hj 
a wide desert in which is siti ted h g alt Lake of Utah, 50 

miles long and 30 broad, its waters saturated with salt. Metamor- 
phic rocks, such as talcose and other slates, with comparatively re- 
cent igneous rocks, constitute the Sierra Nevada chain, and between 
that and the Pacific are tertiary deposits with some volcanos. 

Descr. Gold was discovered in California iu 1847 in the beds 
of the streams that issue from the Sierra Nevada Mountains on 
their west slope, and from the Sacramento and San Joaquin rivers. 
This discovery, it is well known, has attracted a vast crowd of ad 
venturers to the Pacific coast, which is rapidly becoming populous. 
The amount of gold obtained there in 1848 and 1849, was not less 
than $40,000,000. It is thought that 875,000,000 were obtained 
in 1851. 
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Desa: Near the head of Salmon river, on the west side of tho 
Kooky Mountains, Eev. Mr. Parker saw a bed of pure rock ealt, 
among strata which be saya resemble Che description of those at 
Wieliozka, in Poland. He used the salt and found it good. The 
great salt lake in the same region farther south, contains so much 
salt that it is deposited in large quantities on the shore. Epsom 
Baits occur also, on both sides of the Rocky Mountaina, in thick 
incrustations in the bottom of ponds, which have been evaporated 
in the summer. Ea^ioring T&ur beyond the Rocky Mountains, 
p. 328, second Edition. Ithaca, 1 840. Beds of rock salt occur in 
other places besides 'those mentioned above, west of the Eocky 
Mountains, and of great thickness. Prof. H. D. Rogers' Retort to 
the British Association at the Fourth Annual Meeting. 



2. Atlantic side of the Continent. 

DescT. In proceeding south-easterly from the coast of Labrador, 
we meet ere long with ranges of mountains, at first not high, hav- 
ing a south-west and north-east direction. On the south shore of 
the St. Lawrence they become very elevated, forming in fact the 
north-eastern termination of the Alleghany range. In the northern 
part of Maine they rise to the height of 5,300 feet ; and in New 
Hampshire, (the White hills) 6,020 feet. The western side of this 
range forms tlie eastern sides of Lakes Ohamplain and George, 
and the valley of the Hudson river. The range occupies all New 
England, and extends south-westerly into the middle and southern 
States, crossing the Hudson at the Highlands ; and in Pennsylvania, 
Maryland, Virginia, North Carolina, South Carolina and Tennessee, 
forming several parallel and lofty ranges of mountains ; four of 
which are sometimes reckoned; distinguished as welt by their physical 
features, as by their geology. The most easterly, Prof. Rogers 
denominates the Eastern system of mountains ; the next in order, 
the Blue Ridge system, ; the third, the Appalachian ; and the last, 
the AUeghany system. They rise in Black Mountain in North 
Carolina, to the height of 6 476 feet, and in Roan Mouatain, 6,234 

Descr. On the north shore of the St. Lawrence, are two ranges 
of mountains running parallel to the river ; one at the distance of 
15 or 20 miles, and the other 200 miles distant. On the west side 
of Lake Champlain, is a remarkable development of these moun- 
tains in Essex county in New York, where they rise to the height 
of 5,400 feet. From Essez county these mountains stretch to 
Kingston, in Upper Canada, where they become blended with 
mother low range, which has been traced along the northern shores 
of Ontario and Huron, and to the west of Superior, and probably 
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extends nearly or qaite to the Rocky Mountains. These latter 
mountains form the western boundary of the region under oon- 
nideration. 

De$cr. The vast region of comparatively Idyel country between 
the Rocky and Alleghany Mountains, forms the valley of the Mis- 
sissippi, which estends from the centre of Alabama, probably to the 
Arctic Sea; being not less than 2,000 miles long and 1,200 miles 
broad, and embracing more than 2,500,000 square miles. At its 
southern extremity, this valley unites with the Atlantic slope. 
This slope is several hundred miles wide at its southern extremity, 
but becomes gradually narrower until it terminates at New York ; 
with the exception of Long Island, Nantucket, and Martha's 
Vineyard, 

Deser. The way is now prepared for eiplaining the simple and 
grand outlines of the geology of this wide region. AH the moun- 
tainous region east of Hudson river, even to Labrador, with some 
few exoeptions to be noticed subsequently, is composed of azoic 
rocks ; such as gneiss, mica slate, talcose slate, quartz rock, and 
limestone; intersected and upheaved by granite, syenite, porphyry, 
and greenstone. South of the Hudson, this azoic range is con- 
tinued, as the Highlands, through New Jersey and Pennsylvania, 
where it terminates. Its south-eastern border passes near New 
York City, including Staten Island, and extending to Perth Am- 
boy. Here it is covered by red sandstone, until near Trenton it 
reappears and forms a second band of azoic rocks, parallel to that 
just described as terminating in Pennsylvania, and separated from 
it by a trough of red sandstone. This most easterly belt, from 80 
to lOO miles wide, ranges through Virginia, North and South 
Carolina, uid Georgia, as far as Alabama river, where it passes 
beneath the alluvium of the Mississippi valley. On the souui-east 
side, thMe rocks are covered by the cretaceous and tertiary strata 
of the Atlantic slope. 

Descr. The mountains of Esses county, on the west of Lake 
Champlain, are composed chiefly of Labrador felspar and hyper- 
sthene rock ; similar to the rocks in the northern part of Lower 
Canada, and the coast of Labrador; and a similar rock is found 
north of the lakes in Upper Canada; and occupying a large space 
south of Lake Superior in the western peninsula of Michigan ; so 
that probably they may form a connected range almost to the 
Mississippi. Nearly all the rocks in Upper Canada appear to be 
hypozoic. 

Descr. It appears then, that the great centra! basin of the United 
States is surrounded by azoic rocks, except on the north and south. 
The rocks whicii rest on the azoic over most of this area consiat 
of the varieties of those great groups formerly denominated gray- 
WBoke, old red sandstone, and the carboniferous or coal formation. 
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The first is now called the Upper and Lower Silurian Sjstom ; 
and the second, the Devonian System. In thia country, however, 
the Silurian System has been called the New York System, and 
the Appalachian Palieozoic System. The subdivisions of these great 
groups will be found upon the Table of various ClasBifications 
affixed to the first section of this work. But the extent which 
thev occupy, can be learnt only by a G-eologioal Map ; such as the 
outline of the Geology of the Globe contains. 

Descr, Gypsum is found in most of the Atlantic States south 
and west of New England, and also in Nova Sootia. But in most 
oases it is connected with rocks beneath the coal measures, and not 
in the trias, as in Europe, Capt. Maroy, however, in exploring the 
sources of Red river in 1852, has traced out a deposit of this sub- 
stance extending from the Canadian river in 99° W. Longitude 
nearly to the Rio Grande, at least 350 miles long and from 50 to 
100 miles broad. It is interstratified with red and yellow clays, 
sandstone and limestone, and belongs, probably, to the cretaceous 
formation. Excepting South America, perhaps, I know of no other 
deposit of gypsum as extensive as this in any country. 

Descr. Eighteen miles from Abingdon, Virginia, a bed of rock 
salt was discovered a few years since, in digging a well. First 
came 50 to 60 feet of soil, then 160 feet of gypsum, and next the 
salt 60 or 70 feet thick. Am. Jour. Set., vol. 41, p, 215. Near 
the sources of St. Peter's river, this side of the Rooky Mountains, 
Devil's lake, more than 40 miles long, is as salt as thfrocean. 

Descr. The Carboniferous Limestone is developed around 
nearly all our great coal fields on a large scale, and it occurs also, 
we know not how extensively, around the Salt Lake of Utah. 

Descr. The vaat extent of the coal fields of the United States 
has been sufficiently described in the third Section. Prom the 
explorations of the military expeditions sent out into our western 
country by the Government, and from other travellers, I have as- 
certained the existence of beds of bituminous ooal on the Brazos 
river at Fort Belknap ; of coal like anthracite on the north branch 
of the Platte river, over a space of several degrees of longitude ; of 
brown coal in lOT** Long, and 41^° Lat, ; of bituminous coal in 
Long. 105" and Lat. 41"; and of anthracite on the Arkansas 
river, 500 miles from its mouth. In 1852, I described a bed of 
brown (tertiary) coal at Brandon, Vermont Whether these beds 
are connected in any cases, remains to be ascertained. 

Descr. It has been intimated that there are some exceptions to 
the general statement that the whole country between Hudson 
river and Labrador is hypozoic. Thus, along the St. Lawrence is 
a deposit of Lower Silurian rocks. The Upper Silurian occupies 
a considerable part of New Brunswick and Nova Scotia ; and some 
of the eastern part of Maine ; connected with trap and gypsum. 
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and Bait springs. In New BnmswJok and Nora Scoti*,BS already 
observed, we have large deposits of carboniferous rooks. In 
Khode Island and the eastern part of Massachusetts, are inter- 
rupted patobes of metamorphic coal measures cootainiog anthra> 
cite. In the valley of Connecticut river also, strata of red sand- 
stone occur, with protruding greenstone. 

Ikscr. In going south of the Hudson river, the same red sand- 
stone just described, as occurring in the valle; of Connecticut 
river, appears in New Jersey ; where it forms a wide belt south- 
east of the Highlands. Thence it passes through Fennsylvania, 
from Bucks to York counties ; thence into Frederick county in 
Maryland; thence into Virginia; thence into North Carolina; 
and probably still farther south. Throughout the whole extent 
of this deposit, from Nova Scotia to Virginia, ores of copper, bitu- 
minous stale and limestones, and protruding masses of greenstone, 
are associated with it. In Virginia the deposit appears to be 
eminently calcareous ; and one of its lowest beds is the well-known 
brecciated Potomac marble. 

Descr. I have for many years been in the habit of regarding 
this rock as the equivalent of the European new red sandstone 
formation ; and have so named it in my reports on the geology of 
Massachusetts. The geologists of our country have generally 
adopted this opinion. And the more I esamine, the stronger evi- 
dence I find, that it is the new red sandstone. There is not room 
in this work, to state fully the grounds of this opinion. But the 
main argument is as follows ; Profs. W. B. and H. D. Sogers 
seem to have shown, that this rook in New Jersey, Pennsylvania 
and Virginia, lies above (he coal formation. Now, in Massachusetts, 
Gonnectiont, and New Jersey, fossil fishes have been found in it 
with heterooeroal tails, of the genus Palieoniscus. Hence, accord- 
ing to Agassiz, this rock must be older than the oolite; because 
fi^ with such tails do not occur as high as the oolite. If, there- 
fore, this formation lies above the coal formation and below the 
oolite, it must be the new red sandstone, either trias or Permian, 
or both. 

Jtesw, Prof W. B. Rogers has found that the sandstone con- 
ttuning beds of workable coal near Richmond in Virginia is of the 
age of the European oolite. This is proved by the vegetable re- 
mains occurring in it. But nowhere else in this country has this 
formation been identified. Very extensive strata occur, however, 
which have been referred by our geologists, on account of their 
organic remains, te the cretaceous group. They are entirely 
wantiog in chalk, wliicli gives the name to the European series ; 
and consist in this country of sands, sandstones, marls, and lime- 
stone. In New Jersey, Delaware, and Maryland, they are ohax,- 
aeterized by the green gaud, which is so valuable as a fertilizer. 
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FsTther soath thej consist almost wholly of marls and limeatones. 
From these strata I>r. Morton has enumerated 108 apeuioH of 
aoophyta, mollusca, and echiuodermata ; only one of which is 
common to this country and Europe. But tkere ia suoh a resem- 
blance between the genera, and those of the chalk, that it is sap- 
posed the rocks must belong to the cretaceous period. Several 
interesting genera of saurians, tortoises and fishes, also oocar in 
these rocks ; among which are the plesiosaurus, ichthyosaurus, 
moaosaurus and the batraohiosaurus. Among the fishes are 
several speoiea of sharks; some of which are common to the chalk 
of England. 

D^^. The cretaceous rocks of thia oonntry probably commence 
as far east as the islands of Nantucket and Martha's Yineyard, 
which they may underlie, as well aa Long Island ; although hidden 
by drift and tertiary strata. They occupy a wide belt of country 
from New Jersey to Alabama ; and much surface, also, in Mis- 
sissippi, Louisiana, Tennessee, Arkansas, and according to Mr. 
Nicollet, extend from Council Blnffa on the Missouri, 1,000 miles 
along that river, to the mouth of the Yellow Stone. 

Descr. The principal tertiaiy deposits of the United States 
occur along the Atlantic coast of the southern States, to the south- 
east of the cretaceous rocks just described. These tertiair groups, 
however, commence as for east as the island of Martha's V ineyard, 
on the. coast of Massachuaetta ; where they ate well developed, and 
seem to belong to the miocene or eocene period. They next ap' 
pear in the southeast part of New Jersey ; from whence they ex- 
tend almost continuously through the eastern portions of Dela- 
ware, Maryland, Virginia, and North Carolina ; and in interrupted 
patches tbrough South Carolina, Georgia, Alabama, Mississippi, 
and Louisiana. Mr. Conrad and others suppose that they are 
able to distinguish in this vast area of our tertiary formations the 
three groups which are recognized in Eorope : viz. the flcwer plio- 
cene, the miocene, and the eocene. 

I)e$cr. An ertraordinary eocene tertiary deposit has been bronght 
to light in the territory of Nebraska, by the geological survey of 
Professor Owen. One of his assistants, Mr. Evans, penetrated to 
a region called the Mauvaises Torres, or Bad Lands on White 
river, and there, in a deep basin, 300 feet below the general level, 
he found " thousands of abrupt, irregular, prismatic and columnar 
masses, frequently capped with irregular pyramids, aud stretching 
up to a height of from 100 to 200 feet or more. So thickly are 
these natural towers studded over the surface of this extraordinary 
region, that the traveller threads his way through deep, confi.nea, 
labyrinthine passages, not unlike the narrow, irregular streets and 
Unes of some quaint old town of the European continent" A 
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sketch of this singular scene is given by Prof. Owen, and forma a 
frontispiece for this work. 

Descr. But the most interesting facta there brought to light ^re 
the hones of numeroos extinct quadrupeds, some of them of enor- 
mous size, and differing from all fossil animals hitherto described, 
though of the same families. A species of Rhinoceros and Tiger, 
large Tortoises, a Paleotherium, IS feet long and 9 feet high, the 
Archeotherium the Oreodon, Maohairodus, &c., are described 
by Dr. Leidy ; and doubtless many more will soon be brought to 
light from this singular fresh-water deposit, where some of the 
same genera of animals occur as in the tertiary strata around the 
city of Paris. 

Descr. The drift of the United States has already been suffi- 
ciently deseriijed in Section VI. 

Descr. The most extensive alluvial deposit in this country is the 
Delta of the Mississippi. But similar deposits exist along the 
banks and at the mouths of all our larger streams. 

Descr. Either in alluvium, or drift, the following extinct species 
of the higher orders of mammalia have been found. El^kas 
primigenius occurs in Kentucky, South Carolina, New Jersey, 
Vermont, Maryland, and Missisaippi ; mastodon majnmtisia'&.vsi.- 
tueky. New York, Virginia, New Jersey, Connecticut, Misaiasippi, 
Ohio, Indiana, and nioat of the western States ; megatherhim on 
Skiddaway island, coast of Georgia ; megahnyx in Virginia and 
Kentucky; several species of «c in Kentucky and Mississippi; 
cervui Amffti&amts, or fosail elk, in Kentucky and New Jersey; 
vmlrus in Virginia. Mr. Cooper estimates that the specimens 
already carried away from the Big Bone Lick in Kentucky, roust 
have belonged to 100 skeletons of mastodon, 20 of the elephant, 
one of the megalonyx, 3 of the os, and 2 of the elk. 

Descr. No evidence of volcanic agency in this country east of 
the Rocky Mountains, since the protrusion of greenstone, has yet 
bean found. Pumice does indeed float down the Missouri ; but it 
probably comes from the Rocky Mountains. Thermal springs also 
occur on the western borders of Massachusetts ; and near Seneca 
Palls in New York ; and Dr. Daubeny considers the mineral 
springs at Ballaton and Saratoga as thermal ; likewise numerous 
and abundant springs west of the Blue Ridge in Virginia, whose 
maximum temperature is 102" F; in Buncombe county, North 
Carolina, with a temperature of 125" ; in Arkansas near the river 
Washita, 200 miles west of the Mississippi, wliere are not less than 
70 springs with a temperature from 118" to 148', Vauieny's 
Sketch^ the Geology of North America, Oxfrrd, 1839, p. 59. 

Descr. The mineral resources of the United States and the 
Bfitish possessions have as yet only begun to be developed. The 
most important mineral in an economical point of view, is coal ; 



Hcssdb, Google 



462 (miTED STATES APTO BRITISH AMERICA. 

but the extent of our coal fields and mining operations hae Blr«ftdy 
been given on pages 73 and 398. Details respecting the brine 
springs of the western States and Upper Canada have likewise 
wwn presented on page 234. The coast of Massaebusetts and 
Maine famishes a vast supply of beautiful granite. Vast deposits 
of the most beautiful porphjry also occur in Massachusetts, and 
of serpentine and steatite in various States; as well as inexhaust- 
ible supplies of crystalline and compact majbles. 

Descr. An extensive deposit of gold exists in the bypozoio range 
of strata extending from the river Coosa in Alabama, to the Rap- 
j^hannock river in Virginia, The metal occurs in veins of porous 

Juartz, traversing gneiss, mica slate, and especially talcose slate. 
t is found also in the detrital deposit covering the rocks. Silver 
has sometimes been found in connection with the gold, as well as 
lead and copper. Even as far north as Somerset and Bridgewater 
in Vermont, gold occurs in the quartz traversing talco-micaoeoos 
slate; and probably it exists in the space intermediate between 
this place and Virginia. The value of gold sent to the mint from 
the gold region of the United States from 1823 to J836, was 
^4,377, 500 ; and it was thought that this was not more than one 
half of the actual product of the mines. 

Descr. In the north-west part of the United States occurs one 
of the moat remarkable deposits of lead in the world. The rock 
containing it is a member of the Lower Silurian. The extreme 
length of this lead region, from east to west, is 87 miles, and its 
greatest breadth, 54 miles; covering about 80 townships, or 2,880 
Bouare miles. It lies chiefly in Wisconsin, embracing a strip of 
eight townships in Iowa, and ten townships in Illinois. In 1839, 
it produced 30 million pounds of lead, and is probably capable of 
yielding 150 million pounds annually, or more than is obtained in 
all Europe. Lead exists also in considerable quantity in other 
parts of the United States; as in Hampshire county, Massachu- 
setts, in Rossie, New York, &c. Dr. Owen's Report on the Min- 
^al Lands of the United States, 1840. 

DesfT. The same region at the west that yields the lead, is also 
rich in copper ore, which has not yet beeii so extensively worked 
as the lead, for want of a market. At the Mineral Point Mines, 
however, upwards of a million and a half pounds of copper ore 
have been raised. Owen's Reptrrt, p. 40 Great quantities of 
zinc occur 'also in the same region, although neglected; and the 
same metal Is usually associated with galena throughout the coun- 
try. 

Descr. Another remarkable deposit of copper exists in the west- 
em part of Michigan, ox. the south shore of Lake Superior. South 
of this district, masses of metallic copper have been found in the 
drift over an area of several thousand square miles. A single 
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maas on the OntODKgon rirer oontaina about fotir tons «f oet^>er 
whioh haa Utelj been carried to Washington. Aocordimg to Fcks- 
ter and Whitney, in their Report made ia 1850, nioeteen mines 
have been more or le.ss wrought. In 1849 the amount bf copper 
extracted w«3 1,200 tons; and in 1850, they suppose it to have 
been 2,000 tons. Masses of native copper have been uncovered, 
weighing 50 tons. A similar region of copper is said to exist on 
the north shfire of Lake Superior. 

Dexcr. Copper, both native and as ore, ia oommon in the trap 
and new red sandstone in Massachusetts, Conneotiont, New Jer- 
sey, Vireinia, &o. ; but it has not yet been eitonsively explored. 
Tin has been found in small quantity in Massachusetts, Connecti- 
cut, and New Hampshire, but not in large quantity. 

Descr. The deposits of specular iron ore in Missouri are amone 
the lai^est on the globe. They are connected with porphyry, ana 
are separated from the metalliferous transition limestone of that 
region, by a deposit of granite with la-ap dykes, sis miles in width. 
Pilot Knob, which rises 500 feet, is partly, and the Iron moun- 
tain, 300 feet high, and two miles in eircumferenee, is entirely 
composed of this ore. Vast deposits of iroo ore exist also in the 
nortnern parts of New York, and sufficient for present use is found 
in almost every part of tjie country. The hypozoic regions of New 
England, New Jersey, and Poansylvania, abound especially in the 
fflogaetio oxide. In 1640 the quantity of pig and bar iron manu- 
tactored in the United States was 84,136 tons. In Nova Scotia 
are valuable mines of iron. 

Descr. The gems or precious stones of this country have as yet 
excited but little attention, beoauae the expense of cutting them 
here is bo much greater than in JSorope. Hence we cannot say, in 
many cases, whether our localities will furnish elegant specimens 
or not. It may be well, however, to mention the most import- 
ant Prof Shepard has discovered the diamond in North Caro- 
lina. Amer. Jour. Set., vol. 2, p. 253, Second Series. The blue 
sapphire occurs in Orange County, New York, in New Jersey, 
North Carolina, uid Connecticut; the ohrysoberyl at Haddam in 
Connecticut, and in Saratoga County, New York; the spinel, 
especially the blue variety, in Orange County, New York; as well 
as in Massachusetts; the topaz at Monroe in Connecticut, in great 
quantity, but coarse; the beryl in a variety of places; but pure 
enough for jewelry, at Royalston in Massachusetts, and at Had- 
dam in Connecticut (at the former place a rare variety can hardly 
be distinguished from the chrysolite); the aircon or hyacinth in 
the northern part of Vermont, m New York, in Canada, and North 
Carolina; the garnet in almost every part of the azoic region of 
onr oounttr; and the pyrope especially of great beauty, at Stur- 
bridge in Massachusetts; the cinnamon stone, a variety of garnet, 
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at Carlisle in the aame State ; tbe green and red tOTRinaline, of 

great beauty, at Paris in Maine; also at CheBterfield in Masea- 
ohuBetts; limpid quartz at Little Falls and Fairfield in New York, 
and a multitude of other localities ; tbe smoky quartz in a variety 
of places, as at Canton in Connecticut, Williamsburgb and Brook- 
field in Massachusetts ; the amethyst in Nova Scotia is very fine, 
and at Bristol in Rhode Island, and many other places; jasper in 
a great variety of places; horoBtone and chalcedony of various 
sorts, forming agates, in the trap ranges of the eastern States, 
along the shores of Lake Superior, &e. ; ehrysoprase at Newfane 
in Vermont; ioUte at Haddam in Connecticut, and Erimfield in 
Massachusetts; adularia of various colors in Brimfield, South- 
bridge, &o., in Massachusetts; labradorite in Essex County, Now 
York, and hyperstbene at the same place; kyanite at Chesterfield 
in Masaaohugetts; fluor spar in the northern part of New York; 
Satin spar at Newbury, &o,, precious serpentine at tbe same place ; 
red oxide of titanium at Middletown in Conneotiout, and Windsor 
and Barre in Massachusetts. 

Genial Inferences. 

Inf. t. It appears that the axes of all the principal chains <^ 
mountains on the globe are composed of byposoic rocks, stratified 
sod unstratified ; while the fbssiliferons series lie upon their fiaoks, 
at a lower level; and tbe tertiary strata at a still lower level. 

Inf. 2. Hence a similar process of the elevation of continents at. 
Buooesaive epochs, has been going on in all parts of the world. 

Inf. 3. Hence there is every reason to believe that continents 
once above the waters, have sunk beneath them, as those now above 
the waters were gradually raised; for since the quantity of matter 
in the globe has always remained tbe same, its tiiameter cannot be 
enlarged permanently; and therefore as one part rose, other parts 
must sink. 

Inf. 4. Hence tbe geology of any district that embraces ail tbe 
principal groups of rocks, affords us a type of the geology of the 
globe. This is what we should expect from the uniformity and 
constancy of nature's operations ; and faots show that such is tbe 
ease. 

Inf. 5. Henee we have no reason to expect that new discoveries 
in unexplored parts of the earth, will essentially change the im- 
portant principles of geology. Slight modifications of those prin- 
ciples are all that can reasonably be expected from future re- 
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Abyasinio, gieologj of, 3S9 

Actjnolite 8ohiBt, 77 

Aepj^omia, 260, 166 

Aetbiopua. 1S2 

Afghanistan, geology of, 383 

Africa, geology of, 389 

. oasterD and centml, geology 

of, 390 
Agaesiz, work on ftehes. His clos- 

sificatioQ of fishes, 164, 862 

, his work on clacierB, 208 

.hia Glacial TBeory of Drift, 

271 
Age of rooks, bow determined, 84 
Agency of Mim, 280 
Agency, igqeoua, 288 
Algae, livitig, 123 
Algae, fossil, 123 
AleutiaD ialands, 2S3 
AUeghaay Mountains, 396 
AUuTium defined, 61 
Alps, enrvfld Btrats in, 42 
AliimiDa {□ tbe earth, G4 
Alluvium, defined, 40— its litholo- 

gical character, 61 
Alluvial Sandstoue, conglomerate 

and breccia, 64 
Altai UounUins, mineral treoBures 

of, 885 
Ammonites in tbe strata, 147 

, sketch of, 148 

AraaxoD, delta of, 216 
America, geology of, 391. West- 
erly and Qortberty parts of, tbeir 

geology, 895 
Aacrioan geology, history of, 388. 

Geological Society, 368. G»olo- 
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ADoplotherium, 170 

Andes, tbeir geology, 391 

Aadesite described, 85 

Andesitio lava, 91 

Animals in the rocks, 136. Arti- 
culated, 161, Adapted to tbe 
changing condition of the earth, 
343. Extinct, 119. First ap- 
pearance of, on the gloiw, 113 

Animal Kingdom, classification of, 
136. 

Animals, the order of tbeir appear- 
ance on the globe, iia 

Animolcula, living, 142. Fossil, 



of Mauafield, sketdi of, 

Anomtepus, 186 
Anopiotherium, 170 
Antiiracite, where fooud, 66 
Antigua, geology of, 893 
Antimony, its uses and position, 68 
Antictinical axis, 89 
Apteryi, 280 
Arabian Oeologiat, 367 
Arabia, ceolt^y of, 879 
Aracbnidana, 161 

an extinct volcano, SOS 
Argoroniu, 184 

Arsenic, its ores and situation, 59 
Artesian wella, 232, temperature of, 

310 
Articulated animals, 161 
Asia, geology of, 379 
Asteroids, nebulous, 328 
Asphaltum, 230 
Aatronomy, apparent discrepancy 

of, with revelation, 363 
ATalanches, 203 
Auguatine, hia views of creation, 

361 
Australia, geology o^ 8S1 
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Auvergne, extinct volciuioes io. 301 
Augite rock, 84. Porphyry, ib. 
And hornblende, their identity, 80 
Axis folded, 43 
Aymestry Limestone. 15. 

B 

Babbageon the propagation of heat, 
316 

Bailey, Prof., his diaooveries re- 
specting fossil aaimalcula, 6S 

Bannat, geology of, 317 

Barbary, geology of, 889 

Barometer, Aneroid and Syphon, 
60 

Baaalt described, 86. Where found. 
65. Protruded solid, 83 

BatracMa, 16S 

Beaches, andent, 263. In Scotland, 
MassachuBetts, Switierland, L&ke 
Superior and Salt Lslte, 266 

Beaches, how formed, 2i1 

Bed of rock defined, 31 

Beaumont, Elie de, on the elevataon 
of mountaiue, 192 

Beaumont's tbeory of eleration, 317 

Bears fossil, 168 

Becquerel on metallic veioii, 831 

Belgium, geology of, 373 

Beleronite, 106, 149 

Be^Hosepia, sketch o^ IGO 

BeMRiLBtane, geology of, 383 

Benevolence of the Deity proved, 
341 

Berzelius on Soils, 2S3 

Bible uid geology, 34B. Points of 
coiDcidenDe,ib. Of supposed dis- 
crepancy. 



British America, geology o^ 306 
" ongiiiart. His classifiaBtion of 
rocks, 46. On the tertiary strata, 



Bru«e, Dr. A., his journal, 363 
Buckland on metallic veins, 33T 
Buffon's theory of the earth, 369 
Burnet's do., 359 

Busb, Prof, his exegesis of day, 3B t 
Btinter aaudslone, 71 
Berthotrephis Holyokensis, 134 

C 
Oabul. geobgy of, 383 
Oainon on period, 6T 
Calamites, sketeb of, 126 
Calcareous tufa. 43, 329 
Calymene, 106, 162 
Cambrian and Cumbrian rocks, T4 
Camel, fossil, 173 
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Bitwmen, 64, 230 

Birds, fossil, 164. Their tracks, !78 

Bonecaverns, 167. Cavernin Ver- 
mont, 169. Buckland's descrip- 
tion of, 167 

Bones of the fallen angels, 307 

Borings for water, 238 

Boston Harbor, sketch in, 223 

Botanical provinces, 90 

Boue, bis geological map of the 
globe, 97, 870 

Boulder's defined, 66. Theii 
241. in Qloucester, 342 

Bowditch, his opinicn on internal 
heat, 3 IS 
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Cape May, worn away, 231. Add, 
light-houses on. 328 

Caradoc sandstone, 76 

Carbon b the earth, 63. Its vege- 
table origin, 66 

Carboniferous systein. 73 

Caribbean islands, geology o£ 398 

Oarnivorous races, always lived, 

Caspian Sea depreaaed, 31 

Cataclysm, 857 

'Jatadysm of the Egyptians, ib. 

:;ateaipora, 106 

Catcott on the deluge, 359 

Causes geological, intensity of, 339 

Central heat, chemical theory of, 31 8 

Cepbalaspis, sketch of, 166 

Cepbalopods, vertical range of, 118 

Ceylon, geolc^y of, 386 

Chalk, 69. ite wide diffusion, 3S1 

Chambered shells, 147 

Changes improve the condition of 

tiie globe, 301. Qeological, how 

produced, 201 
Chsnge the means of preserving tbe 

CSielonia, 168 
Chemistry of geology, 53 
Chemical deposits, 68 
Ohirotherium, tracks of, 179 
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ChiU, its Goast elevated. 299, £96 

ChiQa. geology of, 387 

Chlorite elate, 78 

Ohloriue in the earth, SB 

Cidaritea, 146 

Cipolin, 90 

ClasaificatioQ of rocka, 40. Prinei- 
plea of, 48. Sjstenaa of, 44. 
Macoollooh's, 44. Conjbeare'a, 
4e. De'k Becbe'e. 46. Sir 
CharleB Lyell's, 46. OmaliuB 
D'Halloy'H, 46. A]. BrougniHrfs, 
46. Unger'a, 48. D'Orliguy'a, 
46. . Dr. MenteZI's, 46. John 
Phimp3,47. Sedgwiok'3, 47. Of 
N. Y. geologiala, 47. Of Prof 
Bogerg'.48. Faleoatological, 48 

Olayatone. 84 

OtayatoQea in clay, 34, 26 

CUyatone porphyry, 84 

Clay, where found, 66 

Clay, aUte aystem deacribed. t6 

Clcav«e, S8 

Cleavelaud, Prof, his works, S63 

Glitoate of early timeB tropical, 
120. Ultra tropical, 121. Grad- 
ually Bunk, ib. Lyell's bypo- 
tbesiB of, 307 

Clinometo, 37 

ClinliBtone, S4. Porphyry, ib. 

Coal. Basic, sketch of, 67. Meaa- 
ures, 72. In Great Britain, 72. 
In Belgium, Franoe, Pruasia and 
AuBtria, 73. In the U. Sutes, 
7S, S!6. Where fouod in Che 
rocka, 66. Ita mode of ocour- 
reoee, 67, Depoaita of the U. 
Statea, 73 

Cobalt, ita oree and Bituattoos, 69 

Coioffldenoaa between geology and 
revealed religicm, dib, 366 

Columnar atrocture, 86, 90 

ComctB, their nature, 327 

Comparative anatomy, ita uee, 100 

CioQpaet felspar, 84 

Conspafs, pocket, 60 

Conehology defined, 147 

Concretions of Iron ore, 26. Con- 
cretions of uDstratified rocks, 3S. 
, _ ^ [jahant, and Wor- 
a aandatoae. lova. 
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Ooniferteand Cyoadete, 180 
CoQiferoua plants in the rocks. III 
Connecticut river, its bed, H6. 

VaUey, 2!6, 217 
Constancy of Nature, SOI 
Consolidaliou of rocka, 2SS Do. 

Pownal, Vermont. In West 

Stockbridge, Masa. Cornwall, 

Eng,, and the coaata of Asia 

Minor, 286 

>nti[ieata elevated from the Heo, 

190. At different times, 191 
Conybeare'a claasification of racka, 

45 
Coprolilea, 167. Of birda, 168 
Copper, ita ores and aitualioo, 68. 

Coral rag, 70. 
Copper in the U. States, 347 
Coral reefs, 281, 63. Their extent, 

283 
Corubrash, 70 

Cornafone, 74 
Cosiguina. volcano of, 290 
Cosmogony, hyputheaia of, 304 
Cotopaxi, lava ihrown from, 239 
Cratera defined, S8S. Size of aa- 

Crater of elevation, 291 

Creation, progressive. 291. Of six 

days, 293. Numerous centres 

of, 298. By law, 333, 11».' 
Cretaeeoua aystem, 69. Of Egypt 

and United States, 106. Bocks 

of U. Statea, 346 
Crinoideana, 119 
Croatia, geology of. 377 
Crocodile, fossil, K3 
Crocodilia. 168 
Crust of the earth, its thickneas, 

Sll 
Crustaceous, fussii, 136 
Crust of tbe globe, derived from 

aoimala, 171. Ita thickness, 269 
Cumbrian system, 74 
Currents, oceanic Their velodty 

and effects, 224 
Cuttle fisb, 149 
Ouvier on the tertiary strata, 68. 

Uia worka. 362 
Cyafhopheyllum, 1*0 
Cyclas, sketch of, 127 
Oycadete, 97 
Cypris, 102 
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Days of oreation, supposed long 

periodi-, 848. Objeetiona, 349 
Datbe, 3GI 

Dftubeny od thermal apringa, 300 
Dead Sea. its origin, SOI, 380 

dapreaaed, 31 

Death before the fall, 3B4. Results 

from the cooatilutioD of animala. 

ib. Feoal in the case of msu, 

3SG. Threatened only to man. 

SE5 
Death, perapeotire of man's apos- 

taay and inseparable from ain, 366 
Debrlsof Ledges. 214 

Deer,fosflii, 113 

Degradation of rocks, 213 

De la Becbe's olaasifloation of rocks. 

Delta, of the MissisBippi, lUione, 
NiU, Amazon, Ganges, itc. 214 

Deluge of Noah, 847. The sup- 
posed cause of moat geological 
ehaogea, 16, Opioious concern- 
ing, 8C" 
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Deposition of rocks, horizontal, 19 

Detritus of rocks, 214 

Development Theory, 838 

Devonian System, 13 

Diamond, where found, 5*7 

Diullage rock, SO 

Diluvium or di'ift, defined, 40, 66. 
In Nova Scotia, 23S. In Massa- 
chusetts and New York, 244. In 
the Westeni SUtes, S38. In 
Soutb America, S41 

Diluvial eleratiMuanddepreseiona, 
or Mor^ne ten " ' 

leys on Holyoki . 
200- Action, first, second, and 
third theories of drift, 26B, 270, 
271. Benefiraal, 343 

Dinoeauria, 168 

Dinoruia. 105 

Dinotberium, sketch of, 117. Dog- 
head, 176 

Diorite, B6 

Dioritic porphyry, 86 

Dip of strata, 37 

Discrepancy, suppoaad, between 
geology and roTelation, 846 



Dbturbances, geological, benefiria], 

341 
Divisional structures, 27 
Divine character perfect, 840 
Dodo, 165, 380 

Doederlin. his views of cieatioD, Sfil 
Dolerite, 86 

I escribed, 86 
D'Orbigny. his classitication of rocks. 

Downs or Dunes, 323 

Drift, (iefined. 65 

Drift, described, 236. Modified, 
366. Dispersion of. 237. What 
agencies, produced by, 278, And 
AUuTiuin, one formation, 278. 
Time since. 278. Modified drift, 
66. In Nova Scotia and United 
States, 238. In Scaodinavia and 
Russia. 240. In the Alps, 331. 
In Great Britain and the Euro- 
pean continent, 2S7. In Syria, 
241. In India, 241. Sections 
in, 266. Transported from lower 
to higher levela, 361. Vertioal 
and horiiontal limits of, 964. 
Theories of, 26B 

Drift wood, 385. Drift (aee Dilu- 



Dykes, 33. Of trap in England, 82. 

In Cohasset, Mass., 33. In Salem, 

Uasa..34 
Dynamics of volcanoes, SSI. Table 
' 293. Of geologicalcaus«a,S03 



Earth, its form, 20. Specific grsT- 
ity, ib. Once in a melted state, 
311, Earlieat condition, 338. Fu- 
ture destruction of, 346. Existed 
long before man, 346 _ 

Earthquakes, their proximate cause. 

296. Their precursors, 296. 
Their effeota. ib. 

Earthquakes, the most remarkable. 

297. Holes formed by, 297. 
Mountains raised by, 291 

East India Archipelago, geology ot 

Echinodermata, 14G 
Ecpyroaia of the Greeks, 867 
Egypt, geology of, 889 
Ebrenb«'g, bis diecoveriel, 101 
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by, 38 f 
Elevaticn of strata, 38 
Blevnttons and snbsideooes, alter- 

oatiOD of, 398 
Elevation of the coast of Chili, 298. 

Of contiaeotB, the cause o^ S16 
Elementa in the earth, 63 
Elephant in frozen mud, in Siberia, 

Elk, Irish, 280 

Embaaseii rocka, sketch of, 249 

BmmoDa, Prof, Ma viewa of lime- 
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Encrinites, 137 
England, geology of, 371 
English choonel, howformed, 221 
Eooene strata, 67 
Epocb, geological, defined. 6G 
Erosion, valleya of, 21 8, By rirerE 

218 
Eraptioog of volcanoes, their num 

ber, 289. Phenomena of, 290 
Efjia, eruptions of, 290. Quality 

of lava from, 291 
Eupbotide, 90 
Eurite, 79 

Europe, geology o^ 371 
Expac^on of rocka lij heat, SI 6. 

Of land and water unequal, 3 17 
Extinct volcanoes, SOI 
Eyes of trilobitea. 163 



Faliopio on organic renudna, 368 

Fftult defined, 39 

Ferns, living and fossil, 122. 126 

"Fingal's save, 87 

Firestone, 77 

Fishes, 164. Their distribution in 
the atratA, 164. Agassiz, ciaaai- 
fication o^ 164 

Fluorine in the earth, 44 

Folded axis, 43 

Fool's gold, 59 

Footmarks, fossil in Scotland, Batb, 
England, inSaxony, 178. InMns- 
satliueotts, near liverpool, in 
Shropshire, near Jena, ' " 
brokeshire, in Columbia. 
Pennsylvania, 180. In New York 
and Canada, 180, Names of the 
snimals that made the tracks, 
181. Sketches of 
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Maasaebuaetts, 182, 183,184, ISE, 
186,187. Onelay,I90. Ofthoaa 
in Pennsylvania, 188. Human 
tracks in St. Louis, 188 
iraminifera, 140, 111 

Forbes, Prof E., his researches ia 
fbe jEgeao Sea, 105 

Formation defiaed ^7 Order cC, 60 

Fossil footmarks 176 Synoptical 
w of, 181. 
L plants, their number, 122 

Foasil, number ot species 107 
Table of, lOB 

:iB3iIiferoua to ks defined, 41 
Their extent, 102. How de- 
posited, 102 

Fossils, clasaiflcation ot, 101 

Fourier on heat, 260 

.a metallic veins, S87 

Fraoastora on geology, 36S 

Fractured rocks in Vermont, Mas- 
eachusetts and Scotland, 362 

France, geology of. 374 

Fruits, fossil, tertiary, at Brandon, 
Vt., 133. In Germany, 182. In 
the iale of Sheppey, 188 
icoides, 123 

Pullers' earth, 70 
'umerole, 288 



Qabbro, 90 

Gait, 70 

Ganges, delta of, 216 

Gangue of a vein, 836 

Gaa springs, 234 

Gay Head, strata of, 67 

Guadaloupe, human skeleton trmB, 

115, 233 
Guatiroala, geology of. 394 
Geineand geates, 283 
Gems in Che United States, 40S 
Geognosy, 19 
Qeogony, 19 
Geological maps of different ooun- 

tries, 07 
Geological mapa and sections, 97 
Geological surveys, S64 
Geology and revealed religion, 845 
Geolo^ defined, 19 
Geologists, how far agreed, 863 
Geographical geolo^, 870 
Germany, geology of, 379 
Geysers of Iceland, Ac, 300 
Giant's causeway, 87 



18 



Hcssdb, Google 



Oladers defined, SOS. Advaace and 
retreat of, 202, 201. Sketcbea 
of, 204, 206, 208, Former extent 
of, 210. In Walla, 312. In 
Scotland, 212, In theHimala^a 
Mountains itnd in Maesodiusetl 
213 

Glacial theory, 271. Action, a 
dent, 210. Period, 271 

Globe, when first inhabited, 112 

Olobe, ita hypothetiosl state, 827 

GljptodoQ, afeeteh ot, 174 

Gneiss, 71. Porphjiitie, 79 

Gold, where found, 69. In the 
TTnited States, 402. Id Califor- 
nia, Russia and Australia, ii 
■what rooks, 59 

Goldfuaa on petrifactions. S62 

Gorge- deSoed, 89, On Niaeari 
riyer, 218. On Genessae citpj 
ib. On the Potomac, ib. On the 
Mississippi, ib. On the I " 
On the Rhine, ib. On t 
ube, 320. On Dog river 
Ravendoor river, ib. 
river Zajne, ib. On Cux 

Granite, where found. GB 

Granite protruded solid, 8i 

Granite described, 82 

Granite porphyritic wid graphic, 
82. Qrapnie of Ooehen, 83 

Graphite, where found, 66 

Graywacke l|ysteni described, 74 

Graystone lava. 81 

Great oolite, 70 

Greece, geology of, 378 

OreelantC ita shores sinking, 299 

Greenstone, where found, 66. In 
Conoectieut and MasaachuHetts, 
87, Described, 84. Solumnar, 
86. And basalt, at Giant's Cause- 
way lUid I^Un'a piazza, 87. At 
ringal's Cave, 87. Of Rowan's 
county, North Carolina, 89, Of 
Hudson river, 90. Columnar, its 
origin, ib. 

Green sand, analysis of. 
of in agriculti 
tion of. ib. 

Gres bigarre, 71 

Group defined, 38 

Gypamn, where found, 66. 
in the wrong place, 60. ] 
posited, 23g, 287 



HarpedBctylus. 186 
Hebard, Rev. Story, 



HereuUneum buried, 29 1 
Herpystazoum, 186 
Hindoatau, geology of, 386 
Hippopotamus, fo9«l, 173 
History of geology, 356 
Holland, geology of, 378 
Hooke'a theory of the earth, 868 
Hornblende rook, 8S 

!latb, 77. Hornblenda 






ofcr 



i exegesis of the days 



and augite identical. Si 
Hornstone, 84 

porphyry, 84 

, geologicBl map of, 97 

Horaly. his exegeais, 848 

Horse, fossil. 178 

Hovej, Prof, on the West Indies, 

394 

iiman remains, 116. Skeleton in 

ro<i, 894 
Hummock on Holyoke, 260 



Button's theory of the earth, 860 

Hy^na, fossil, 168,-173 

Hydrate of iron, 64, 230. Of man- 
ganese, 230. 

Hydra, 139 

Hydrogen iii the earth, 63 

Hyperathene rock, 84 

Hjpogene rocks, 41 

Hypoaoic rocka defined, 76, 11 
Origin of. 319 

I 
Ice islands, S06 
Icebergs, 203 

Ice preaerved by lava, 294 
Ichnolithology. 178 
lehnology, 178 
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IchayoEauma, flketch of, 169 

IgD^ous agnuey defined, ZS8 

Iguanadou, fossil, 160 

Iguana, 161 

ImprovemeDt of the earth's condi- 

tioD, 201 
iDclmation of strata, 87 
Indcsc paleontolo^cus, 1U1 
lodia, further, geology o^ B85 
Infuaorja, their ekeletons, 102. 

Shields of, 63. In Massachusetts, 

Ac., ib. Living, 143. Fossil, 143. 

Sketch of, 144 
iDsects, fbaail, 151 
Instability the means of stability, 

B44, 
Intensity of geologiosl agencies, 

S29 
lateiual heat of the earth, 308 
lateroai heat, objections to. S24 
Interior of the earth, its state, 311 
Ireland, geology of, B72 
Iron in the earth, 63. Its ores, 68. 

Pyrites, 50. In United States, 

403. Mountain in Missouri, ib. 
Islands volcanio, 292. Recent, ib. 
Italian writers, 369 
Italy, geology of, S76 



Jameson, Prof., his views of 

tion, 848, 349 
Japan, geology of, 887 
Jomts oefined, 29. Their origin, 27 
Jornllo, voleanie, 291, 292 
Jnpitei, perhaps eo^ered by water, 



Edth, his theory of tbe days of 

creation, S4S 
Kimmoridge elay, 70 
Kellowaj'a rock, 70 
Kilauea, sketch of, 296 
Enapp, his exegesis of the history 

Kupperechdfer, 72 

L 
I^l^ntbydoQ pacbrgnathus, 

Owen's sketch of, 179 
Lacertilia, 168 
Lakes, bucsting of, 220 
Lamarck's hypothesis of transmu- 
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ta of Gneiss, 23 

Landslips, 203 

Lapiaz or furrows, how formed, 210 

Lapland, geology of, 3l3 

Lava, where found, 56. Described, 
81,91. Trachjtio, 81. iogiUo, 
or Basaltic, ib. Qraystone. ibi 
Vitreous, ib. Molten, iis char- 
acter, 293, Itsaraount, 292. Ice 
beneath, 294 

Lead, its ores and situation, S8 

Lead in tJ. States, 402 

Lapland, geology o^ 373 

Mt., geology of, 370 
i7 

Ledges fractured by drift agenoy, 

bis fheory of the eartli, 

Leman lake, ]99| 214 
Lepidodendron, skekih o^ 129 
Lester on British shells, 368 
Lias described, '10 
Life, systems o^ ' " 
Ligoite, where fo 
Lily Eneriuite. sketch of, 137 
Lime in the earth, 64 
Liniestone, where found, 66. 

Primai'j;, 78. Mountain, 72. Met- 

amorphis, ib. 
Lindley, Prof. Hia esperiments on 

the preservation of plants, 181 
Lithologieal characters of the strat- 

iiied rocks, 60. Of the unstrat- 

ified, 80 
LUmdeilo fiags, 76 
Lundoa geological society, 881 
Lower Silurian rooks, 75 
Ludlow, sbale, 76 
Ludus Eelmontii, 20 
LyoopodiacetB, 126 
Lyetl s classificatbn of rocks, 45. 

Hia thsotj of ancient climale, 

307. Of causes in action, 329. 

Objections fo internal beat, 32fi 



Maoouilocb's classification, 44 
Maclure's map of the IT. Stfttas, 98 
Maeroptema, 185 
Magnetism of rocks,*92. In Europe, 

93. On Vesuviaa, Etna, Ararat 

and Upper Oaoada, 94 
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Unffaesia in fhe earth, 6i 

MafpMB, eruption in, 291 

Mammalia, 187. Foasil of United 
Statea, 334 

Mammoth, Bket^i of, ] 71 

Man, when firet appeared on the 
efirth,115. The last Qnimd creat- 
ed, 16. A cosmopolite, 108 

Mao's geological ageney. 2B0 

Munganese, Its use and position, B8, 
64 

Mantell's claBsification, 46 

Maps, gaologioal, 97. Of various 
countries, lb. Of the globe, 880 

Marl, where fouod, 56. How de- 
tected, 62, AlluTial, 329. Its 
Dsa and position, G6. Siliceous, 

Mastodon's teeth, sketch of, 111. 
Kewburgh, 173 

Matrix of a vein, 280 

Matter, its supposed eternity, 839 

Mattioli on orgAic remains. S68 

MegaloD^, 176 

Megaloeaurus, 160 

Megatherium, sketch of, 176 

Melaphyre, 84 

Mercury, where found, 58 

Mer do Glace, 203 

Metrimaek river, its aUuvial mat- 
ter, 215 

Meso£oic rocks, 41 

Metallic veins, character and re- 
pletion of, 886 

Metalloids in the rocks, 63 

Metals in the earth, 63, Where 
fomid, 6S. The mode in which 
they occur, 60. Tiieir distribu- 
tion, S42 

Metomorphic rocks, 76, 41 

limestone, 78. In 

vema, ib. 



Miea shtte described, 78 
Milton, hia views of creation, I 
Mineral waters. 233 
Minerals defined, 19. In the rocks, 

B4, TIseful, their situation in tl 

rocks, 65 
Mineralogy of geology, 63 
MineraJizer of orgamc remains, S 
Mines, temperature of, 808 
UJoes of Europe, produce o( 819 



Miocene strata, 87 
Mississippi, delta of, 214 
Mitchell, Dr. S. L, 363 
Mollusca, living, 146, Vertieal 

range o^ 117 
Monadnoc, striated rocks upon, 346, 

embossed rocks upon, 248. Has 

been scarified, 247 
Monkey, fossil, 178 
ttfonstors, not any among fossils, 

198 
Moon, volcanic, 819 
Moraine terraces, 265. In Truro, 

268. In Amherst and N. Adams, 

269. At Monument Mt,, 260. Id 
Palestine, ib, 

Mososaurua. 160 

Mosses, 121 

Mountain limestone, la 

Mountains, the highest, SO. Of En- 
rope elevated at different epochs, 
191. Of Massachusetts, 191. Of 
N. America, 192. Objections, 
193 

Mountains, how elevated, 818 

Murchison's classification, 47 

Musohelkalk, 71 

Mylodon, sketch of, 176 

N 
Natural religion illustrated, 839 
Nautilus, H7 

Nebuhe, their nature, 318, 328 
Neekar on metallic veins. 33S 
Neptunian theory, 380 
Neveitis, 142 

Nevado, de Toluca, volcanic, 290 
New England, its waste, 222 
New Holland, geology of, 887 
NeiT Red conglomerate. 71 
New Red sandstone, appet, 71 

New York system of rocks, 298 
Niagara falls and river, 47 
Nicuragna, volcano in, 3S4 
Niger, delta of, S15 
Nile, delta of, 215 
Nitrogen in the eartb, 63 
Norway, geology of, 878 
Notomis. 2 SO 

Nova Scotia, its waste, 222 
Nubia, geology of, 389 
NuoleoUtes, 146 
Nummulite. skeleh o( 140 
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Obsidian, 91 

Oceao, its depth, 20 

Ocean, its geologiiml agency, 221. 

Oceao, its temperatuTB. 324 

Old red sandstone, IS 

Olives, Mount of, SS3 

Old river beds, 320 

OmidiuB, D'HftUoy'a olaasifloation of 

rocks, 46 
Oolitic ayatem deacribed, 10 
Ooroomiah, geology around, 384. 

ItS%aters analyzed, 384 
Ophicaloe, 90 
Ophiolite, 90 
Ophidin, 158 

Order of creatioo, labia o^ 1 1 3 
Organic ageneiea. 



□ the rocim, 99. 
Determined, 100. Claa^fication 
ot, 101. Moatly Marine, tOl. 
Amonnt ot in the rccka, ib. 
Heightofabove thesea, 102. Dis- 
tribution of, 103. In different 
fbnnationa, 108, 109. How tar 
they ideuti^ strata, lOS. Tab- 
ular view 0^ 108, 109. Vertical 
range of, 116. Compared with 
living species. 119. Number of 
spedes of, 1 07. Tropical in high 
latitudes, 120. Description of 
particular apeciea of, 122. Not 
oontemporaries of existing spe- 
cies, 119. Tertiary, 114 

Ornithiehnites, 180, 181 

Ornithoidiohnites, 181 

OrniUiopos, 184 

OroDoco, delta of, 21G 

Orthia, 161 

Orlhoeeratites, sketch of, 149 

Orycfology, 98 

Osara, 261 

Ossiferous eaverna, 167 

Ohizoum, 133 

Outcrop, 37 

Ok, fosail. 173 

Oxford day, 70 

Oiygen in the earih, 54 



Pachyderniata, eslinct. 169 
Falseontological daaaiflcation, 
Chart, !18, 191 



Palteoniacua, sketch of, 161 
Palieontoiogy. 98 
Palfetherium, sketch of, ITO 



Falar 






geology of, 880 
Paleozoic rocks, 41, 71 
Palisadoes, 90 
Pafas on geoli^y, 79, 360 
PapaodajaDg, volcano of, 291 
Parker, Key. Mr., his tour, 287 
Paroxysmal elevations, 193 
Parrot, his objections to internal 

beat, 324 
Patridi, Bishop, his views of crea- 
tion, 351 
Peat encrinite, sketch of, 86 
Peat. 62, 59. How formed, SS4. 

Analysis of, 286 
Pedometer, 60 
Pegmatite, 82 

Pele's hair, or volcanic glaaa, 81 
Pentacrinite, Briarean, 1S7 
delineator, 61 
Peperloo,' 56 
Period, long, between the orea 

tioD of matter and the dx days, 

350 

sriod, geological, defined, 86 
Period historic, terrace, beach, 

and oaaar and drift, 61, 2S6 
Periods otgeolo^, lon^, 109 
Period of organic bemg on 

globe, 112, 1B6 

iikins. Rev. Justin, 

from, SB4 
Perkins, Rev. J., 64 
Permian syster 



the 
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Petrifaction, its na 

Recent, ib. 
Petroleum, 230 
Petroailex, 84 
Pesohaps sohtarius, 166 
Phillips, Prof. John, his clasaifica- 
of rocks, 47. Unstratifled 
10 

Phonolite. 84 

Physico-theolc^cal sdiool; 869 
Pic, volcano of, 291 



Pierr. 



1 Hot, 1 



Pitch lake in Trinidad, 231 
Pitcbstone, 91 

Planetary space, temperature of, 808 
"'ans of the Deity as shown by 
geology, 344 
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Flaots, geological agency of, SS3 
Plants, fossil, ill the foraiations, 1 ^ 
Flaotfi, geological state of, 31S 

327 
Plater's giant, 858 
Platinnio, where found, 58 
Platypferna, 184 
Playfair^ illustratioos, 360 
Flesiosautiis, aketch ot, 160 
Pliooeue strata, 67 
Plot oQ organic remaloB, S5B 
Plumbago, where found, 61 
PlutoDic locka described, 94 
Plutonian theory, 360 
Pleotropus, 184 
Fo, delta of, Slfi. Embankment o 

esi 



PoiBson's objectioi 
Poland, g 



jy of, 373 
. 184 

Polynesia, geology of, 883 

Polyf^ia, agency of, 138. 281 

Polypi, or polyparia, sketeh of, IBS, 
139, 281 

Po^tbalaniifl, from Pyramid of 
Cbeopa, 381. West side of An- 
tJ-Libanue, 382. Of near Damas- 
cus, ib. Of Mount of Olivea, 883, 
OfBejroot, 382 

Po^tbalamia. skelisheB by Profeasor 
Bailey, SB2, S8S 

Pompdi burled, 291 

Popooatapetl, 292 

Porpbyry desei'ibed, 84. Where 

Portland stone, 70 

Portugal, geology of B7B 

FotosBa in tbe earth, Si 

Precious stones, where found, 68 

PreeiouB stones ia the U. States, 
408 

Prelaco VII., do. to Sd edition IX., 
Do. U. 25tli XI. 

Primary conglomerates, 77. Plu- 
tonic rooks, 94, Racks defined, 
76. Described, 16.' Their origin, 
319 

Primary Hmestone, 78 

ProductuB, sketch of, IBO 

Progression, organic an^ L 

Prospeetive benevolence, 3 
Protogine, 79 
ProtoEoic rocks, 76 



Providence of God over the world, 

Provinces, botanical and zoological, 

103 
Pleradaetyle. sketch of, 162 
Ptcrosauria, 158 



. 189. Do. on clay, 190 
Rana deluviaua. 1 64 
Ray's theory of the earth, SSB 
Reasoning in geology, basis i 

201 
Recent Plutonic rocks, 94 
Red River Raft, 285 
Red sandstone, 71. Of Nova Sc 

tia, N. England. New Jersey, & 



Rhone, delta of, 214 

Rivers, their agency, 214 

Robinson, Dr., on tbe cities of the 
plain. 302 

Eocltea moutonnes, 209, 247 

Itock salt described, RS. In United 
States, 2S4. Wbere found, 64 

Rocking stones, G6. In Barre, ib. 
In Fall River, ib. 

Rocks, chemical composition of, 53. 
Defined, 20. How worn down, 
227. Primary, stratified, their 
origin, S19. Useful, their situa- 
tion in the earth, 55. Lithologi- 
cal characters, 60. Smoothed 
and striated, 248. EmbOBsed. 
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Belative age of, 94 

Rogers, Prof,, ajstem of olaasifioa- 



SauroJd tkhes, 111 
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Siberia, geology of, SS6 

Siberia rich id gold, 385 

Sigillaria, sketeli of, ISS 

Silica ip the eartb, 64 

Siliceous marl, 6g. Sinter, 63, 230 

Ijilliman, Prof., hia journal, SS8 

Silurum svatem desoribed, 14. la 

Europe and N..Amerieft, 16 
Silver, where found, 68 
Simple substances iii the earth, G3. 

Minerals in the roc&s. 64 
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Sauroldidmites, 181 
Saliferous aystem. desoribed, 71 
Salt roefe, ita origin, 281, 234. 

Sibma and Mexico, ib. & 

springa, 23S. Their origin, ; 
Saudwi^ lalaoda, voloanio, 268 
Saturn covered by a fluid, 328 
Sauaaura on the Alpe, 360 
Soandinavia, a centre of diapere 

of drift, 238 
Scheuchzer on foasil fishee, 3C3 
Schoola of mines, 360 
SolaTooia, geology o£ SI? 
Scorpion, fogait, 161 
Scotland, geology of, 872 
Scrope'sclaseitieatioDofunBtratifled 

rooks, 81 
Sea bottom, ancient, 263 
Sea beaches, 263 
Seala, their number, 281 
Seam deflaed, 21 
Secondary Plutonic rocks, 94. 

ondary rocks defined, 68. 

scribed, 68 
Section, ideal, of the earth's*. . , 

130. In Amherst, Palmer and 

Usbridge, 266, 267. Ideal of 

aeotion of terracea, 364 
SeotJoos, geological, 98 
Sedgwi<^ on metallic veins, 3) 
Sedgwick's ctaasification of rocks, 47 
Sedimentary rocks, 68 
Seneca oil, 331 
rieptaria, 36 

Serpentine, 90, Where found, B( 

Seybert, Dr., 363 

Shark, fosBJl. 155 

Shells, chambered, 147. Their ve 
tioal range in the strata, 11 
The nnmber of living and tossi 
108, 109 



r, silict 



Sivatherium, ItS 

Skaptar Jokal, quantity of lava 

thrown from, 293 
Shark, tooth of, 166 
Shepard, Prof., his works, 383 
"'■ ' on Mt. Lafayette and White 

a., 203 

Slime pita near the Dead Sea, 301 
"mith. Dr. J. P., his views of 

creation, 351. His introduction, 

XV. 

milb, Wm., bis labors, 361 
Soda in the earth, 54 
Sodom and Gomorrah, ruins of 

discovered. 303 

ioils a proof of Di' 
341 



J America, geology of, 391 

South Africa, geology of, 390 

Spdn, geology of, B76 

Species bSd once a wider range, 
104. Their distribution, rfie.^ 
103. Living and fosail com- 
pared, 119, 196. Hew, bow in- 
troduced. 381 

Spins, rock of, 141 

Spiders. foBBil, 161 

Spirifer, sketch of, 161 

Spimla, 148 

Springe, gas, 234, Phenomena of, 
281. Salt in the United States, 
234. Their origin, ib. 

St. Cfois, geology ot, 394 

Stabile, buried, 291 

Steatite of N. England, 78 

Steropezum, 183 

atigmaria, alietoh of, 1|28 

Stinkatein, 72 
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